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From the Department of Physiology, University of Minnesota, Minneapolis. 


Most of the osmotic systems encountered 
in biology involve membranes that are per- 
meable to solute as well as to solvent mole- 
cules, hereinafter called leaky membranes. In 
the study of material transport across such 
membranes, the relation between the solute 
concentration difference and the hydrostatic 
pressure difference across the membrane at 
any time is of fundamental importance. The 
purpose of this note is to demonstrate that 
this relation is not given by the classical van’t 
Hoff osmotic pressure equation. In 1887, 
van’t Hoff(1) pointed out that the perfect 
gas law could be applied directly to the obser- 
vations of Pfeffer on the equilibrium hydro- 
static pressure difference developed across the 
nearly semipermeable copper-ferrocyanide 
membrane when that membrane separated a 
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solution of a non-electrolyte from water. In 
any system with a strictly semipermeable 
membrane (a membrane permeable to solvent 
only) separating solutions of non-electrolytes, 
the hydrostatic pressure difference, Ap, 
existing across the membrane at equilibrium 
(by definition, the osmotic pressure difference, 
Az) is directly proportional to the difference 
in activity, or neglecting activity coefficients, 
the difference in concentration, Ac, of the 
solute in the two solutions separated by the 
membrane. The proportionality factor in this 
relation is RT, where R is the gas constant 
and T is the absolute temperature. The 
“van’t Hoff relation” describing the equilib- 


rium state is thus given by the equation: 
A Deg Am ACeg ht (1) 


In systems in which the membrane is per- 
meable, with various degrees of restriction, 
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to molecules of the solute as well as to 
solvent molecules, it is the changes in Ap 
and Ac occurring during the approach to 
equilibrium rather than the equilibrium state 
itself which is of major interest; for, at 
equilibrium the composition of the two solu- 
tions separated by the membrane have become 
identical through interdiffusion; viz., Ap and 
Ac equal zero. Even in the simplest case in- 
volving aqueous solutions of non-electrolytes 
(the one to be considered here) the relation 
between Ap and Ac at any time preceding 
equilibrium is more complex than that ex- 
pressed by equation(1). 

Two cases will be considered here. The 
first applies to a system in which the volumes 
of the two solutions separated by a leaky 
membrane are maintained constant by 
changes in the pressure difference across the 
membrane to compensate for the changing 
solute concentration difference. The second 
case is concerned with systems in which the 
pressure difference is maintained constant and 
equal to zero and the volumes of the solutions 
change with time. Recently, the mathemati- 
cal relation between concentration and pres- 
sure difference across a leaky membrane sepa- 
rating a non-electrolyte solution from water 
has been developed by Laidler and Schuler 
(2). Their general equation (II-5), with 
appropriate changes in symbols to agree with 
those used here, is: 


dv, QV 2 


RT 


QV iV. 


(Ac.RT — Ap) — 


= K r caer | 
dt | 


(2) 


where the subscript i refers to the solution 
inside a test-tube shaped membrane and the 
subscripts 1 and 2 refer to water and non- 
electrolyte, respectively. The new symbols 
have the following meaning: K is essentially a 
constant for any given membrane, being de- 
pendent upon the total area, A”, and the 
thickness, Ax, of the membrane. Q is the 
permeation coefficient, has the same units as 
the diffusion coefficient, D, and may be con- 
sidered equal to the product of D and the 
distribution ratio for the particular molecular 
species in question at the interface between 
membrane and solution. As pointed out by 
Laidler and Schuler, this ratio may be con- 
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sidered to be qualitatively equal to the ratio 
of pore area available for diffusion of the 
particular molecular species to the total mem- 
brane area; i.e., A/A™. V is the partial 
molar volume. 
For case I (z.e., dV;/dt = 0), this equation 
reduces to: 
Q:V; (AeaRT - Ap) ~Q.V2(Aca2RT) =0 (3) 


Rearranging and collecting terms: 


QV 2 
Ap == 1- Ac,zRT — kAc,RT — kAr (4) 
QV 3 


Thus a new proportionality factor which will 
be called k is added to van’t Hoff’s relation 
when applied to leaky membranes, the factor 
being dependent on the diffusion coefficients, 
partial molar volumes, and the pore areas 
available for diffusion of the solute and sol- 
vent molecules. Qualitatively, equations (2), 
(3), and (4) are merely statements of the 
fact that the volume and/or pressure changes 
on both sides of the membrane are dependent 
upon solute as well as solvent transport across 
the membrane. In the special case in which 
the membrane is semipermeable (Q2 equals 
zero), equation (4) reduces to the classical 
van’t Hoff equation; e.g., in the case of plasma 
proteins and the capillary membrane. For 
the usual case with non-electrolytes and bio- 
logical membranes, QsV2 is smaller than 
QiV1; hence k <1 and Ap <Az. Theoreti- 
cally, of course, k may equal zero or be greater 
than one. The error introduced in calculating 
Ap from a measured Ac or vice versa by 
means of the van’t Hoff equation will depend 
on the value of k and as will be shown later 
can easily be as great as 2 or 3 orders of 
magnitude. 

For case II (i.e., Ap = 0), equation (2) 
reduces to: 

av, 


— — KA, (Q,V? a QV iV 2) 


ae (5) 


The volume change rate or “osmotic transport 
rate” is a function of the nature of the non- 
electrolyte as well as the solute concentration 
difference; and depending on the non-electro- 
lyte, it may be positive, negative, or zero. 
With a semipermeable membrane in such a 
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system (Qo = 0), the magnitude of the 
osmotic transport rate becomes for a given 
membrane a function of the concentration 
difference only and is independent of the 
nature of the non-electrolyte (as might be pre- 
dicted from an extrapolation of the van’t Hoff 
relation to such systems). This has been 
shown experimentally by Berkeley and Hart- 
ley(3). If, in case II, the outside compart- 
ment is filled with solution of a non-electrolyte 
different from but at the same concentration 
as the inside non-electrolyte, then, with a 
semipermeable membrane, it would be found 
that the net volume change of the inside solu- 
tion would be zero, since the osmotic trans- 
port rate is a function of the concentration 
difference only. With a leaky membrane, 
however, it would be expected that a net 
volume change would occur, since the QV 
values of the two different non-electrolytes 
would most likely be unequal. Any net os- 
motic transport at zero time in such a system 
with two iso-osmotic solutions obviously could 
not be explained by an extrapolation of the 
van’t Hoff law. 


Experimental. The first experiments are 
concerned with a system treated as case I 
in the preceding theoretical discussion. It 
provides a direct comparison between the ob- 
served hydrostatic pressure difference across 
the membrane required to maintain the iso- 
volumetric state and the osmotic pressure 
calculated by the van’t Hoff equation from the 
measured concentration difference existing 
across the membrane at the same time. For 
such an experiment, the procedure was as 
follows: Test-tube shaped unoxidized col- 
lodion membranes of 35 mm diameter and 
95 mm length were prepared by the method 
of Sollner and collaborators(4). A typical 
specimen was tied to a Lucite stopper which 
was attached to a capillary manometer of ap- 
proximately 0.5 mm diameter. The mem- 
brane was filled with a measured volume of 
glucose solution of known concentration 
through a small hole in the Lucite stopper 
which was subsequently sealed. The mem- 
brane was then immersed in a measured vol- 
ume of water. Stirring of the solutions on 
either side of the membrane was initiated im- 
mediately, the outside solution by two streams 
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of water-saturated oxygen and inside by 
means of two small Alnico magnets, magneti- 
cally rotated on axes attached to a rod sus- 
pended from the Lucite stopper into the cen- 
ter of the inside solution. By means of a 
syringe in communication with the manometer 
system through a side arm just above the 
junction of the manometer and Lucite stopper, 
the pressure inside the membrane was in- 
creased as rapidly as possible until the liquid 
level in the manometer remained at a constant 
height, showing that the hydrostatic pressure 
difference across the membrane was just suffi- 
cient to prevent any net movement of liquid 
across the membrane. The height and time 
(usually one to two minutes after the initial 
immersion) was noted. At frequent intervals 
during a subsequent period of 2 to 3 hours 
the height and time were again noted. Simul- 
taneous with each of several of these readings, 
exactly one milliliter was pipetted from the 
outside solution and subjected to analysis for 
its glucose content. From the concentration 
of glucose in the outside solution, it is possi- 
ble to obtain the concentration inside by dif- 
ference; hence the concentration difference, 
Ac, can be determined. From the values 
of Ac, Az was calculated by means of the 
van’t Hoff equation. 

In Fig. 1, the results of such an experiment 
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FIG. 2. Influence of concentration difference and 
nature of the solute on osmotic transport rates 
across leaky membranes. 


are shown. The upper curve is a plot of log 
(Az), the pressure difference calculated from 
the van’t Hoff equation, versus time; and the 
lower curve is a similar plot of log (Ap), the 
observed pressure difference. Each set of 
values falls on a straight line as is to be ex- 
pected for a diffusion process. Of primary 
importance is that at all times, Ap is much 
smaller than Az. Furthermore, as expected 
from equation (4), the Ap values are directly 
proportional to the Az values as indicated by 
the nearly equal slopes of the 2 curves; 
z.e., Ap = kAz with k in this particular case 
approximately equal to 0.0046. 


The following experiments are concerned 
with case II and were made in some earlier 
work of the author(5) performed for a differ- 
ent purpose. In the first group of experi- 
ments, the hydrostatic pressure difference was 
maintained essentially constant and approxi- 
mately equal to zero, the volume of the solu- 
tion inside the membrane varying with time. 
By observing the initial rate of volume change 
of the inside solution associated with the 
initial known concentration difference, the rela- 
tion between the magnitude of the osmotic 
transport rate across the membrane and the 
concentration difference, as well as the nature 
of the non-electrolyte is obtained. In Fig. 2, 
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the results of such experiments are shown, 
the initial rate of volume change of the inside 
solution being plotted against the initial con- 
centration difference. For a given non-electro- 
lyte the rate of volume change is directly 
proportional to the concentration difference 
as expected from equation (5). Further, the 
volume change rates are different for the vari- 
ous non-electrolytes at the same concentration 
difference, an occurrence expected from the 
inequality of the values for QoV2. Of par- 
ticular interest is the case of urea in which the 
sign of the volume change rate is opposite to 
that of the concentration difference; 7.e., nega- 
tive osmosis occurs, the net movement of 
liquid being from the solution to the solvent 
side of the membrane. The explanation of 
the latter case, on the basis of the theoretical 
discussion, is that QeV»2 is greater than Q1Vi; 
i.€., a greater volume of urea than water is 
transported per unit time across the mem- 
brane. 

In the ‘second group of experiments asso- 
ciated with case II, the outside compartment 
was filled with an iso-osmotic solution of a 
different non-electrolyte instead of distilled 
water. The results are shown in Table I 
and demonstrate that, contrary to what would 
be expected on the basis of an extrapolation 
of the van’t Hoff relation; there is a net move- 
ment of solution across the membrane despite 
the zero concentration difference. Of especial 
interest again is the observation that the os- 
motic transport rate is greater in the system 
in which the outside compartment contains 
urea solution instead of distilled water. 

Discussion. The preceding observations 
have important implications in relation to 
the conclusions of a recent paper by Pappen- 
heimer, Renkin, and Borrero(6) on material 
transport across the leaky capillary mem- 
brane. These workers have introduced a 


TABLE I. Osmosis in Iso-Osmotie Systems. 


Solute in Solute in av, 
the inside the outside —— (ml/min.) 
solution solution dt 
Sucrose Glucose 1 
. Glycerol 23 
¥ Ethylene glycol 26 
2 Distilled water ol 
L Urea 30 


OSMOSIS THROUGH LEAKY MEMBRANES 


method for determining the area available for 
diffusion for various molecules per unit path 
length through the capillary wall. The meth- 
od involves the measurement, for a test mole- 
cule, of the variables in the Fick equation: 


dm Ae 
—— — —DAP -—— (6) 
dt Ax 


where m is the net amount of test molecule 
crossing the membrane and the other symbols 
denote the same quantities as earlier in this 
paper. Substituting these values into the 
equation, a value for A°®/Ax, the diffusion 
area per unit path length is obtained. 

In their experiments, the test molecule is 
introduced into the perfusing fluid of an iso- 
lated cat limb, and after a short time interval, 
the perfusing fluid flow rate and the arterio- 
venous difference of concentration are meas- 
ured. From these values the quantity, dm/dt 
is readily obtained. Unfortunately, the quan- 
tity, Ac, is not obtained by direct measure- 
ment. Their procedure is to measure the in- 
crease in the mean capillary hydrostatic pres- 
sure required to prevent movement of fluid 
from the interstitial spaces into the capillaries 
as a result of the “partial osmotic pressure” 
exerted by the added test molecules; i.e., the 
pressure increase necessary to maintain the 
isovolumetric state (see case I above).t The 
value for this pressure increment is then 
erroneously substituted into the van’t Hoff 
equation as being equal to the “increase in 
osmotic pressure due to the added test mole- 
cules”, and the equation is solved for Ac. 
By this means, they arrive at the following 
equation for the diffusion area per unit path 
length: 


AP Q» (Ca — Cy) RT 


— (7) 

AX D-Ap 
The correct equation, taking cognizance of 
the permeability of the capillary membrane to 
the test molecules involved should include the 
factor, k, in the numerator of the right-hand 
side of equation (7). All of the values given 
in the Pappenheimer paper for A’/Ax are, 


+In Pappenheimer’s work it was actually the 
nearly equal isogravimetric state. 
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thus, too large by a factor which must be 
determined experimentally for each test mole- 
cule with the capillary membrane. The magni- 
tude of the error might be estimated from the 
data obtained with the collodion membranes 
of this study. These artificial membranes are 
similar in many properties to the capillary 
wall. They are impermeable to serum albu- 
min and slowly permeable to oxyhemoglobin. 
They have a filtration coefficient of approxi- 
mately 2 x 10° ml/min/mm Hg/cm? as com- 
pared to filtration coefficients calculated from 
Pappenheimer’s data for the capillary wall in 
the range of 2.5 x 10+ to 2.3 x 10®. An im- 
portant difference, of course, is that the col- 
lodion membranes used here are approxi- 
mately 100 times as thick as the capillary wall 
(100 » as compared to 1 »); however, this 
difference is partially counterbalanced by the 
fact that A®/A™ for the collodion membranes 
used here is of the order of 0.2 which is much 
larger than similar values for the capillary 
wall. On the basis of approximate compara- 
bility of the two kinds of membranes, Pappen- 
heimer’s values are too large by approximately 
two orders of magnitude. Such errors could 
conceivably be relevant to Pappenheimer’s 
criticism of the work of Flexner, Cowie, and 
Vosburgh(7) made on the basis that his 
(Pappenheimer’s) A’/Ax values were ap- 
poximately 200 times larger than similar 
values calculated from the data of Flexner 
et al. 

A note of caution in the study of trans- 
capillary diffusion of electrolytes may be ap- 
propriate here. In the case of electrolyte 
solutions and membranes bearing fixed dis- 
sociable groups, the factor, k, becomes an un- 
known function of the epsilon-potential across 
the membrane and the zeta-potential on the 
membrane, as well as a function of Q and V/V. 
It has been shown experimentally by the 
author that with certain electrolyte solutions 
k may even exceed one; 7.e.. Ap >Arz. 

Summary. 1. Experiments are presented 
which demonstrate, as expected from theoreti- 
cal considerations, that the classical van’t Hoff 
equation cannot be employed to ascertain the 
relation between pressure difference and con- 
centration difference across a membrane in 
the dynamic situation existing in osmotic 
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systems involving membranes permeable to 
solute as well as to solvent. It is shown that 
the pressure difference necessary to prevent a 
net osmotic movement of fluid across a leaky 
membrane may be smaller by several orders of 
magnitude than the pressure difference neces- 
sary to accomplish the same effect with a semi- 
permeable membrane; i.¢., a membrane to 
which the van’t Hoff equation applies. It is 
also shown that, contrary to what would be 
expected on the basis of reasoning from the 
van’t Hoff equation, the osmotic transport rate 
across a leaky membrane is a function not 
only of the solute concentration difference but 
also of the nature of the solute molecules. 
Further, it is demonstrated that net transport 
of liquid may occur across leaky membranes 
separating iso-osmotic solutions of different 
non-electrolytes. 2. In all these cases, the 
use of equations derived for the equilibrium 
state across a semipermeable membrane (e.g. 
the van’t Hoff equation) would lead to de- 


Mack Virus—UNIDENTIFIED HUMAN \AGENT 


cidedly erroneous results. 3. These observa- 
tions demonstrate the use of van’t Hoff’s 
equation in a recent analysis of capillary per- 
meability to be incorrect. 
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Mack Virus—Serum and Gamma Globulin Neutralization of Unidentified 
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(20307) 


ALEX J. STEIGMAN, U. PENTTI Kokko, AND ROSALIE J. SILVERBERG. 


From the Kentucky Child Health Foundation Research Laboratory, Department of Pediatrics, 
University of Louisville School of Medicine. 


We wish to describe certain observations on 
an unclassified virus isolated from tissue- 
cultures of the feces of a child (Mack) who 
developed thermostable specific antibodies in 
convalescence. We believe that the child’s 
illness was caused by the agent which is ten- 
tatively referred to as Mack virus. The 5- 
year-old girl’s illness occurred during a polio- 
myelitis outbreak in Cincinnati during August, 
1947, with symptoms of headache, pain and 
“stiffness” of the neck, temperature of 103°F 
and pleocytosis (40 leucocytes per cu mm, 
65% lymphocytes.) Recovery was complete 
in a few days. Although objective nuchal- 
spinal rigidity was not detected the clinical 
findings were compatible with a short-lived 


* Aided by a grant from the National Founda- 
tion for Infantile Paralysis. 


aseptic meningitis syndrome. For additional 
clinical and epidemiological details the reader 
is referred to patient No. 7 (K.M.) included 
in a study reported by Sabin and Steig- 
man(1). 

Characteristics of Mack virus in tissue- 
culture—isolation and titration. The roller 
tube tissue-culture system described by Rob- 
bins, Weller, and Enders(2) for poliomyelitis 
virus was used with some modification. Nor- 
mal rhesus and cynomolgus monkey testicles 
were used as the source of fibroblastic pro- 
liferation. Natural and synthetic(3) nutrient 
media which are used in cultivating poliomye- 
litis virus were used equally well in these 
studies. The presence of the Mack virus in 
the culture system is indicated by cytopatho- 
genic effects upon the fibroblastic outgrowths 


which are specifically inhibited by appropriate | 
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FIG. 1. Oytopathogenic effect of Mack virus indistinguishable from that of poliomyelitis on 


AWA i: (ait 


the fibroblastic outgrowth. To left is Type 1 poliomyelitis (Brunhilde) ; to right is Mack virus; 
central panel is control. Cultures were prepared simultaneously. X70. 


antisera. The character of the fibroblastic 
degeneration induced by the Mack virus can- 
not be distinguished morphologically from 
that induced by poliomyelitis. That the virus 
was derived from the patient and not from 
the tissues or natural nutrient media used was 
assured not only by the patient’s specific sero- 
logical response but also because of the ease 
of repeated isolation in different experiments. 
The virus was demonstrated readily in the 
fibroblastic outgrowth of the only human 
tissue studied—a highly anaplastic neuro- 
blastoma removed from an infant; it failed to 
induce cytopathogenic effects upon cultures of 
adult mouse testicles. In the presence of 
Mack virus, fibroblastic degeneration ap- 
peared on the third day and was generally 
complete by the seventh day. Seven serial 
passages in vitro representing 17 changes of 
‘nutrient media at 4-day intervals have been 
made to date. Culture fluids titrated im 
vitro have an infectivity endpoint averag- 
ing 10°-°. The endpoint is expressed as the 
TCIDs0 (50% tissue-culture infective dose). 
Fig. 1 depicts the fibroblastic degeneration 
induced by Mack virus in vitro and the mor- 
phologically indistinguishable degeneration 
induced by poliomyelitis. 


Neutralization of Mack virus by human 
sera, gamma globulin, and monkey immune 
serum. All sera were kept frozen except when 
used in tests, at which time they were heated 
at 56°C for 30 minutes. Acute and convales- 
cent sera of the patient from whom the virus 
was recovered were diluted 5-fold in balanced 
salt solution and added to +100 TCIDs;» of 
Mack virus and to a member of each of the 
3 known antigenic types of poliomyelitis virus. 


The mixtures, kept either at room temperature 
or at 37°C for one hour and then overnight 
at 4°C were inoculated into pairs of actively 
growing culture tubes. Controls for the sera, 
viruses and tissue utilized were included in the 
test. It will be noted that while no alteration 
in poliomyelitis antibody appeared, the pa- 
tient’s convalescent serum in a dilution of 
1:1250 inhibited the fibroblastic degeneration 
due to Mack virus, whilst the 1:2 dilution of 
acute serum failed to do so (Table I). Specific 
immune serum was prepared by the intra- 
muscular injection of a rhesus monkey with in- 
fected tissue culture fluids suspended in min- 
eral oil adjuvants without mycobacteria(4). 
This serum tested im vitro with Mack virus 
inhibited fibroblastic degeneration when di- 
luted 1:1250 while undiluted normal rhesus 
serum failed to do so. The monkey immune 
serum failed to influence the fibroblastic de- 
generation induced by members of the 3 anti- 
genic types of poliomyelitis virus which were 
specifically inhibited by their own respective 
antisera (Table II). The sera of 6 normal 
adults with no known contact with Mack 
virus were tested qualitatively for neutralizing 
antibody; 3 of the 6 exhibited ability to 
neutralize +1000 TCIDs; ) of Mack virus in 
tests in which 1:2 dilutions of serum were 
utilized. 

Lyophilized pooled human gamma globulint 
(without preservative) was redissolved and 
tested qualitatively for its capacity to inhibit 


t+ Generously made available from Sharp and 
Dohme’s Research Division by Dr. R. B. Pennell 
who reported that the material was processed from 
9014 donors bled between May 1 and 21, 1952, in 
Baltimore, Boston, New York and Philadelphia. 
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TABLE I. Specificity of Immune Response of Patient to Mack Virus In Vitro. 


Serum neutralization titers in tissue-cultures of 


Patient serum, / 
days after 
onset Mack 


al 
(Mahoney ) 


indicated viruses* t 


Poliomyelitis type: —————_ 
2 3 


(MEF-1) (Saukett) 


1 1:2 
28 1:1250 


<1:50 


* Bach bearing + 100 TCID;, of virus. 


<1:50 <1:50 


t Final readings on 6th day when all virus control tubes showed +++ fibroblastic degen- 


eration. 


TABLE II. Failure of Mack Virus to be Neutralized In Vitro by 3 Antigenically Distinct 
Poliomyelitis Antisera. 


Cytopathogenic effect of indicated viruses in tissue- 


eultures* t 
-—— Poliomyelitis type: —~ 

Monkey antiserat ii 2 3 Mack None 
Poliomyelitis 1 0 +++ ob 444 0 
(serologic types) 2 +++ 0 +++ see 0 
So) ee ae 0 seas 0 
Mack +++ +++ +++ 0 0 
None +++ 44+ 444+ 444+ 0 


* Bach bearing + 1000 TCID, of virus. 


+ Final readings on 6th day when all virus control tubes showed +--+ fibroblastic degen- 


eration. 
t Final dilution 1:4. 


the fibroblastic degeneration induced by Mack 
virus in vitro. A 1:64 dilution of the gamma- 
globulin (which corresponds to a 1:3 dilution 
of an unconcentrated serum) when tested 
against decimal dilutions of Mack virus re- 
vealed a neutralization index of 320. In other 
tests using +1000 TCIDs5o of virus and 1:64 
dilution of gamma-globulin fibroblastic de- 
generation had not appeared on the Sth day 
by which time severe degeneration had oc- 
curred in the virus control cultures. By the 
7th day degeneration became apparent in 
the cultures containing gamma-globulin and 
the +1000 TCIDso of virus. 

Animal infectivity tests. Undiluted first 
and third passage culture fluids of Mack virus 
inoculated cerebrally and/or subcutaneously 
into rabbits, guinea pigs, adult and suckling 
mice, and hamsters have produced no observy- 
able illness. Cortisone(5) was injected daily 
in the last species without evident effect. 
Further tests in suckling mice. We observed 
that the stools of the index patient failed to 
infect 36 suckling mice. It is also known(6) 
that this patient developed no neutralizing 
antibodies to a strain of Coxsackie virus iso- 


lated at that time and in the same locale of 
another patient. In view of the fecal isolation 
in vitro of an unclassified cytopathogenic 
virus (Weider) by Robbins eé al.(7) and sub- 
sequently identified as Boston type Coxsackie 
(8), additional tests were undertaken in suck- 
ling mice; 40 others were inoculated with first 
and third passage tissue culture fluids of 
Mack virus, and none exhibited any illness. 
Further tests in monkeys. The patient’s feces 
were originally described as harboring polio- 
myelitis virus of low pathogenicity for mon- 
keys. This was based upon the fact that of 
3 monkeys inoculated intranasally, one ex- 
hibited lesions considered to be poliomyelitis 
and confined to the olfactory portal(1). 
Tissue culture fluids were, therefore, tested by 
a variety of inoculation routes in monkeys, 
some of whom received daily intramuscular 
injections of cortisone. Five monkeys re- 
ceived repeated nasal instillations, 4 bilateral 
thalamic inoculations, 3 sciatic injections, 
2 intraspinal injections, and 2 pharyngeal in- 
jections. All remained well for the observa- 
tion period of 30 days. In further tests the 


patient’s frozen original feces (from which the « 
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FIG. 2. Olfactory bulb of monkey inoculated nasally with in vitro infective Mack culture fluid. 
The round cell infiltrate shown was found on serial sections to be confined to the lamina fibrorum 
nervi. The mitral cell layer was normal hence not diagnostic of poliomyelitis virus. 260. 


Mack virus could be repeatedly isolated in 
vitro) were inoculated nasally and thalamic- 
ally into 4 monkeys and pharyngeally into 2 
others. Daily intramuscular injections of 25 
mg of cortisone 2 days before and for 7-12 
days after inoculation were given. These ani- 
mals remained well for the observation period 
of 30 days. 

Neurohistological studies in monkeys. The 
same feces which yielded Mack virus were 
earlier considered by Sabin and Steigman as 
containing “poliomyelitis virus of very low 
virulence.”’ Their evidence was derived from 
serial sections of the olfactory bulbs of a 
monkey q.v.(1). Detailed study of CNS sec- 
tions of the 22 monkeys inoculated with Mack 
virus (v. supra) revealed no lesions patho- 
gnomonic of poliomyelitis(9). Similar study 
of the olfactory bulbs of the 5 monkeys in- 
oculated intranasally with tissue-culture infec- 
tive fluids and the 4 additional monkeys in- 
oculated nasally with the feces did not reveal 
lesions pathognomonic of poliomyelitis. The 
interesting lesion depicted in Fig. 2 does not 
meet the criteria for poliomyelitic infection of 
the olfactory bulbs. There is a dense ovoid 
infiltrate of round cells in the layer of nerve 
fibers but the mitral cell layer does not appear 
affected. 

Other properties of Mack virus. The agent 
described passed readily through sintered 
glass (VF) and Seitz EK filters; was not de- 


stroyed by contact with ether and when 
treated with protamine was recovered in the 
supernatant phase. Exposure to a tempera- 
ture of 56°C for 30 minutes destroyed in- 
fectivity im vitro. It was resistant to freezing 
and thawing, penicillin, and streptomycin. 
These properties are generally shared by the 
poliomyelitis and the Coxsackie viruses. Fecal 
specimens treated with ether and/or the anti- 
biotics in poliomyelitis studies may be useful 
in revealing similar agents. 

Discussion. That the patient who yielded 
Mack virus was not simultaneously infected 
with poliomyelitis virus is suggested by the 
histological study of monkeys reported herein 
together with failure of the patient to reveal 
alteration of neutralizing antibody levels to 
the 3 known immunological types of poliomye- 
litis virus in convalescence. The recovery of 
this unclassified virus and the appearance of 
specific neutralizing antibodies in convales- 
cence should constitute noteworthy though not 
compelling evidence of a causal relationship. 
The findings herein described together with 
evidence of antibodies to Mack virus in adults 
and in pooled human gamma-globulin lends 
credence to the belief that the agent described 
might be parasitic in human beings. Its re- 
covery from a febrile child with pleocytosis 
during the course of a poliomyelitis outbreak 
is not without interest. To determine the 
importance of this agent in disease and the 
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types of clinical illness it might produce would 
require a combined clinico-epidemiologic and 
laboratory approach patterned after the stud- 
ies of Huebner e¢ al. for the Coxsackie 
viruses(10). 

Failure to infect laboratory animals, while 
useful in eliminating a consideration of certain 
known viruses, curtails the opportunity for 
histopathological studies. Although no anti- 
body studies of patients, normal individuals 
or gamma-globulin have been reported, it 
would appear that other unidentified agents 
cytopathogenic for human(8) and monkey 
(11) fibroblasts but lacking animal infectivity 
may be recovered from human feces. Their 
description suggests that the. morphology of 
the cytopathogenicity is generally distinguish- 
able from that of poliomyelitis virus. Another 
unidentified agent isolated in our laboratory 
produces in vitro morphological effects readily 
distinguished from those of Mack virus and to 
which it is not related immunologically (12). 

The recently introduced method for the 
cultivation of poliomyelitis virus, by which 
means only Mack virus was discovered, may 
lead to the isolation of similar agents whose 
relationship to each other and to human 
disease will require elucidation. It is likely 
that fecal isolation attempts at virus recovery 
in tissue cultures will be done most commonly 
in association with poliomyelitis-like illnesses 
such as the “aseptic meningitis syndrome.” 
The evidence reported herein would appear to 
exclude a concurrent infection with either 
poliomyelitis or Coxsackie virus in the patient. 
In the presence of multiple viruses in a given 
fecal specimen each capable of producing 
cytopathogenic effects the situation becomes 
more perplexing. Although only a few Cox- 
sackie viruses cause fibroblastic degeneration 
(11), many strains of poliomyelitis virus have 
this property, as does the Mack virus. The 
individual identification of multiple cyto- 
pathogenic viruses simultaneously present in a 
given fecal specimen might be influenced by 
their relative ascendancy of growth curves or 
by the interference phenomenon and deserves 
study. 


Mack Virus—UNIDENTIFIED HUMAN AGENT 


Summary. 1. A virus (Mack) has been 
isolated in vitro from a patient’s feces pre- 
viously reported as containing poliomyelitis 
virus of very limited pathogenicity for mon- 
keys. The virus is immunologically distinct — 
from poliomyelitis, and does not produce 
pathognomonic lesions of poliomyelitis in — 
monkeys. The patient failed to develop a rise — 
of poliomyelitis neutralizing antibodies in con- | 
valescence. 2. The virus has been cultivated — 
in monkey and human tissue cultures in.which _ 
is produced fibroblastic degeneration morpho- — 
logically indistinguishable from that caused — 
by prototype poliomyelitis viruses. Suckling 
and adult mice are unaffected as are guinea 
pigs, rabbits, and hamsters. 3. The donor of 
the virus was a febrile child with pleocytosis 
who developed specific neutralizing antibodies © 
in high titer in convalescence. Similar anti- 
bodies have been detected in adult sera and in © 
a pool of human gamma globulin. 
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Sublethal Total Body X-Radiation and Susceptibility of Mice to Salmonella 


enteritidis and Escherichia coli.* 


(20308) 
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(Introduced by C. G. Harford.) 


From the Department of Microbiology, Washington University School of Medicine, St. Louis, Mo. 


The results of a study dealing with the sus- 
ceptibility of irradiated mice to infection with 
airborne Streptococcus zooepidemicus as a 
function of post-irradiation time(1) demon- 
strated a linear increase in susceptibility over 
the first 15 days, reaching a peak 5 times that 
of controls, followed by an exponential drop 
approaching the control level shortly after 30 
days. Mice subjected to sublethal doses of 
radiation exhibited a time pattern of change 
in susceptibility to airborne infection with this 
organism, which was different from the time 
pattern reported for various other post-irradia- 
tion changes (peripheral blood counts, weight 
of certain organs, etc.). It was considered 
desirable to determine whether the established 
relationship between the two factors a) the 
degree to which radiation affects susceptibility 
to infection and b) the post-irradiation time 
interval required for such susceptibility to 
reach a maximum, would also apply to different 
microorganisms introduced by other than the 
natural airborne route. Certain results of 
such a study conducted with two contrasting 
organisms, the pathogenic Salmonella enteri- 
tidis and the usually innocuous Escherichia 
coli, are presented in this communication. 


Materials and methods. Experimental de- 
sign. Irradiated mice and control animals 
were inoculated intraperitoneally at the same 
time with graded concentrations of S. enteri- 
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tidis at intervals over the 30-day period, and 
bacterial LD; 9 values for both the irradiated 
and control animals were calculated from the 
resulting mortality data and compared. In 
another series of experiments only a single 
bacterial concentration of E. coli (5 x 107 to 
2 x 10° organisms) was introduced intraperi- 
toneally at indicated time intervals to both 
normal and irradiated animals over the 60-day 
period following irradiation with different 
doses of X-rays. Bacterial LDs 9 value was 
not determined, since tenfold dilution of the 
administered bacterial suspension failed to kill 
any irradiated animals. Microbial agents. S. 
enteritidis 1891 (IX, XII... . g,m) was 
obtained from Dr. F. L. Adler, Harvard Uni- 
versity School of Medicine, and was identified 
as culture 64 of the Agricultural Experimental 
Station of the University of Kentucky. In 
order to reduce variation, a lyophilized stock 
of the agent was prepared in individual am- 
poules. The entire content of a single am- 
poule was added to 10 ml of broth which, after 
static incubation for 10-12 hours at 37°C, 
constituted the first passage. The second 
passage was prepared by seeding 1 ml of the 
first passage per 50 ml of nutrient broth and 
incubating at 37°C for 18 hours. This second 
serial passage was used in all experiments. 
Prior to use, each cuiture was tested for purity 
and its concentration was determined. The 
strain of E. coli used in these experiments was 
isolated from the large intestine of a normal 
mouse. Lyophilized stock cultures and liquid 
cultures were prepared in the manner de- 
scribed for S. enteritidis. The concentration 
of bacterial cultures was determined at the 
time of inoculation of the organism by drop- 
ping a known quantity (about 0.02 ml) of 
bacterial suspension on E.M.B. agar (Difco) 
and counting colonies resulting after 18-24 
hours of incubation at 37°C(2). Experi- 
mental animals. Six to 8 weeks old male and 
female Namru strain mice(3) from our own 
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TABLE I. Response of Mice to S. enteritidis as a Function of (a) Radiation Dose and 
(b) Post-Irradiation Time. 


Total body ..———————— Bacterial LD, at stated post-irradiation periods ———————— 
radiation, r 8 hr 1 day 5 days 12 days 15 days 20 days 30 days 
350 6 X10° 8.8 10% °3.3>¢ 10% 31620 6.7 x 102 3.7 KK 108 Ss 8 Ao 
250 BS SK il, Aa X08 deal Se Li 4.5 x 10° 

50 8.4 & 10° 4.5 x 108 
0 1 10% “WiSS< 108 7 510% - TS 08 Sad Oe 0 ero hee 


TABLE II. Total and Differential White Blood Cell Counts of Normal and Irradiated Mice. 
SE neat eA ee AEA he ee at Nios ane YS oN ee 


WBC/mm, mean (10: mice) and stand. error 


Total body Post-irrad- of mean 
radiation, r iation period Heterophils Lymphocytes Total 
f 3 hr 1830 + 140 2230 + 240 4170 -+ 280 
350 Sie 3920 + 340 1180 + 160 5200 + 380 
| 1 day 1480+ 80 700 + 110 2200 + 140 
3 hr 1890 + 250 2040 + 140 3990 + 330 
200 Sa 2880 + 440 1250 + 110 4230 + 440 
2 days 1690 + 170 1170 + 100 2830 + 160 
0 (controls) 117.090 4140 + 450 5960 + 440 
Sham irrad- 1040+ 90 7700 + 610 8740 + 670 
iated 


breeding colony were used in the experiments. 
The colony was established in 1950 and, to 
date, has been free of any detectable infectious 
disease. The animals were irradiated by 
means of a Keleket deep therapy X-ray ma- 
chine. The radiation factors were as follows: 
200 KVP, 20 ma, filter 0.25 mm Cu and 1.0 
mm Al, HVL 0.75 mm Cu, distance from target 
to skin 75 cm; output approximately 21 r 
per minute. All X-ray doses were measured 
in air. The results of the X-ray mortality 
studies, carried out in the manner previously 
described(1), confirmed the established obser- 
vation that the maximal dose that could be 
given without causing deaths from radiation 
alone within 60 days was of the order of 350 r. 
Groups of animals were exposed to doses of 
X-ray ranging from a) 50 to 350 r, prior to 
challenge with S. enteritidis, and b) 50 to 450 
r, prior to inoculation with E. coli. Five to six 
animals were used per dilution in determina- 
tion of LDs 9 values for S. enteritidis. How- 
ever, when the mortality end point for intra- 
peritoneal inoculation of E. coli was investi- 
gated, at least 10 and usually 20-30 or more 
animals were used for a dose of X-ray. All 
the LD; values were calculated according to 
the method of Reed and Muench(4). Repre- 
sentative number of mice dying after chal- 
lenge with S. enteritidis were autopsied and 


‘the tested animals. 


cultured for this organism. Total and dif- — 


ferential white blood cell counts were made on 
tail-vein blood of groups of 10-12 animals: 
a) Exposed to 350 r or 250 r at different post- 
irradiation periods; b) sham-irradiated mice, 
and c) normal controls. 

Results. 
ceptibility of mice to infection with S. enteri- 
tidis (Table 1). The results were most marked 
8 hours to 5 days after irradiation, when bac- 
terial LD5o was of the order of 30-100 organ- 
isms for the irradiated as opposed to the LDs9 
value of about 1.0 x 10® to 1.7 x 10° organisms 
for the normal animals. In the course of time 
this effect gradually decreased until, some 30 
days after irradiation, the susceptibility was 
the same as for non-irradiated animals. Ani- 
mals exposed to 250 r also showed a marked 
increase in susceptibility to this agent when 
challenged 8 hours after irradiation. How- 
ever, a pronounced rise in the bacterial LDso, 


evident within 5 days, approached that for | 


normal mice in 15 days. Exposure to 50 r 
total body radiation prior to inoculation did 
not seem to influence the susceptibility to this 
infection. Post-mortem cultures of repre- 
sentative number of mice from each of the 
groups indicated in Table I revealed the 
presence of Salmonella in the spleens of all of 


Although no significant . 


Exposure to 350 r increased sus- » 
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difference in total leucocyte count was noted mat a 
within 8 hours after exposure to 250 r or to = Fa jacasace 2 
350 r, a significant lymphopenia and a con- ois 3 
comitant granulocytosis were present at this 5 S wiscedhex q 
time (Table IT). » 
Since bacteremia primarily due to E. coli S23 Sosahss sg 
was positively correlated with mortality after AA se Se q 
exposure to lethal doses of X-rays(5), it ap- 3 = 
peared desirable to evaluate the effect of mid- # eioes s 
lethal and sublethal radiation on the suscepti- g za ee Sse aa o 
bility of mice to this agent administered intra- 3 a a 4 
peritoneally, at different times after irradia- Silico B S/ESSSSS° 4 
tion. The results of representative experi- a2) | Penge ee r S 
FP SSS NIC ISS es) es 
ments are indicated in Table III. Of the 2 238 Hora eA s 
several groups of animals used as controls, it & malay rebar rar g 
was only in the 30-day post-irradiation group eS = 
that some mice died following bacterial in- Re Re A 
oculation. As is seen from Table III, exposure a a 8 |/SSSSa05 2 
of mice to 450 r and to 350 r total body radia- Z “¢ g 3 
tion resulted in death of a certain number of Al] | > % 
animals. This was considered in calculation El a ie Seely : 
of the per cent mortality of groups of animals ell ies See ee x 
subjected to the respective dose of radiation. E gis 26 +oOda++ 
Practically all deaths from radiation alone oc- ae Ts Sree area 3 
curred within 8-20 days following irradiation; & i peels Fare pe a 
however, the average survival period of all 3 eas er = 
irradiated animals inoculated with E. coli g 42>. oconan~ S 
ss of the order of 2 to 4 days, occasionally z E 83 SSeS a 
6 days. e a 
Increase in susceptibility to E. coli was & we a 
observed as early as one day after irradiation. : [ aie mom yar 2 
In the group exposed to 450 r there was a s 468 4 
gradual decline in susceptibility until, when g F 8 
tested 60 days after irradiation, mortality rate iS ere Aote Se ee Bod 
of 37% was observed. Previous exposure to a a ep lee aig ponie 
350 r resulted in a marked susceptibility to a eS N rors +3 z oe = 
infection, demonstrated within one day and A aa zs = Sos #58 Be 
sustained through 11 days, and declining to By] BS foie ie 2 pS 2.8 
20% 24 days after irradiation. Exposure to || 3 Seeks I ee se 
200 r brought about an initial increase in the le aneoac lone z S 28 
susceptibility, which returned to normal in s ic 2 = = aS -~|Boa ca 
animals tested 24-30 days after irradiation. =) os Pepe hal eacec belch a a $a me 
After exposure to 50 r, increase in suscepti- Ss ion vets SSE RS 
eqs . is onwmwuo omy |X o SEO 
bility to E. coli was observed only when chal- ELISAs was 58568 
lenged 11 days after irradiation. : : Sinilie fapaneee . 2 a E E 
D'S Ss DAG 6 — 
Discussion. Granulocytosis and lympho- a g 3 o> soq ae 3 g 2 
penia were observed in mice 3-8 hours after : 2 & 2 oe 
exposure to 500 r whole body radiation(6). 2 § Sn ne Ee g 
In our study granulocytosis was also observed z = 7 a Ff SP Bart AS Ol ea Hong 
in mice 8 hours after exposure to 250 r or Aso o> 
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to 350 r. It is, therefore, apparent that the in- 
creased susceptibility to the experimental 
(intraperitoneal) infection at this post-irradia- 
tion period cannot be accounted for by granu- 
locytopenia at the time of injection. The 
pattern of total, and differential white blood 
cell counts for certain other periods following 
irradiation also indicates no consistent corre- 
lation between granulocyte count and suscepti- 
bility to infection. The present data may 
possibly be explained either by a damage to 
some system involved in the defense against 
this experimental infection other than that 
provided by the granulocytes, or by an altera- 
tion in functional ability of granulocytes. 
However, no implication regarding the possi- 
ble role of granulocytopenia in natural infec- 
tions of irradiated animals is intended by this 
statement. 


Inoculation of EZ. coli at different times after 
exposure to 50 r reveals an increase in sus- 
ceptibility to this microorganism only in the 
group of mice that were challenged 11 days 
after irradiation. This peak is of interest in 
the light of the high mortality and bacteremia 
reported initially at that particular post-ir- 
radiation period by Miller et al.(7) in mice 
subjected to 450 r total body radiation, an 
observation frequently confirmed in this lab- 
oratory. The 11-day peak in increased sus- 
ceptibility to infection was only suggested 
after exposure to 200 r, but was not apparent 
at higher doses, probably because it formed 
a part of the “post-irradiation susceptibility 
range” initially evident one day after irradia- 
tion. 


Exposure to sublethal radiation increases 
the susceptibility of certain animals to experi- 
mental infection with bacterial(8), fungal(9), 
viral(10) and rickettsial agents(11,12), as 
well as bacterial toxins(13). The increased 
susceptibility to infection by mice challenged 
with airborne Str. zooepidemicus was shown 
to be a function of the post-irradiation time, 
with the peak slowly reaching a maximum 15 
days after irradiation. However, a very pro- 
nounced increase in susceptibility to the 
enteric organisms was noted 8-24 hours after 
irradiation. While inhalation of Str. zooepi- 
demicus stimulated a natural portal of entry 
of the organisms, intraperitoneal administra- 


‘for irradiation of animals. 
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tion of S. enteritidis and E. coli represented an 
artificial situation with bacteria by-passing the 
“primary line of defense”, exemplified in the 
case of Str. zooepidemicus by the intact res- 
piratory mucosa. Apparently radiation rapid- 
ly brought about alteration of “the secondary 
defense mechanisms”, to the extent that the 
extremely pronounced increase in suscepti- 
bility to S. enteritidis was observed 8 hours 
after irradiation, and to £. coli in one day. 


The importance of the time of challenge in 
relation to radiation (i.e., post-irradiation 
period) very evident here, has also been 
pointed up by variation in susceptibility of 
a) mice exposed to a single total-body irradia- 
tion in the LDs.9 range followed by intra- 
muscular administration of a beta hemolytic — 
streptococcus at different post-irradiation 
periods(13), and b) sublethally irradiated 
mice to toxin of Clostridium septicum(14) 
and influenza virus(15). Similarly, the im- 
portance of the route of infection was also 
demonstrated in experiments with Coryne-— 
bacterium pseudotuberculosis murium(16). 


Summary. 1. Mice were challenged intra- 
peritoneally with S. enteritidis over a 30-day 
period following exposure to 50-350 r whole 
body X-radiation. A very marked increase ' 
in susceptibility to infection was observed as 
early as 8 hours after irradiation with 250- 
350 r, but not after 50 r. This increase in 
susceptibility cannot be explained by granu- 
locytopenia at the time of injection, since 
granulocytosis was observed in_ peripheral 
blood of mice at this post-irradiation period. 
2. A very marked increase in susceptibility to 
intraperitoneal inoculation with E. coli was 
observed one day following irradiation with 
200-450 r. This gradually declined but was 
still evident 60 days after exposure to 450 r, 
and 11 days after exposure to 200-350 r. 
After exposure to 50 r, the single peak of sus- 
ceptibility to EZ. coli occurred in 11 days. 3. 
The relationship of the route of inoculation 
and the post-irradiation time to the degree of 
susceptibility to infection is discussed. 


The authors gratefully acknowledge the coopera- 
tion of Dr. Hugh M. Wilson of Mallinckrodt Insti- 
tute of Radiology in making available the facilities 
It is a pleasure to 


Aortic ALBUMINOID TITRATION AND SWELLING CURVES 


acknowledge the capable technical assistance of Miss 
Rita Yunker. 


1. Shechmeister, I. L., Bond, V. P., and Swift, 
M. N., J. Immunol., 1952, v68, 87. 

2. Miles, A. A., and Misra, S. S., J. Hyg., 1938, v38, 
[32 

3. Garber, E. D., and Hauth, F. C., J. Hered., 
1950, v41, 122. 

4. Reed, L. J., and Muench, H., Am. J. Hyg., 
1938, v27, 493. 

5. Miller, C. P., Hammond, C. W., and Tompkins, 
M., Science, 1950, v111, 540. 

6. Widmann, H., and Ludwig, R., Strahlenther., 
1952, v89, 243. 

7. Miller, G. P.. Hammond, C. W., and Tompkins, 
M., J. Lab. Clin. Med., 1951, v38, 331. 

8. Shechmeister, I. L., and Bond, V. P., Proc. Soc. 
Exe. Brox. AnD Mep., 1951, v77, 77. 


209 


9. Syverton, J. T.,.Werder, A. A., Friedman, J., 
ROth, Chee jese)ite, Graham, sAa banda Mira’ Omer 
Proc. Soc. Exp. Brot. anp Mep., 1952, v80, 123. 

10. deGara, P. F., and Furth, J., J. Immunol., 
1945, v50, 255. 

11. Zinsser, H., and Castaneda, M. R., Proc. Soc. 
Exe. Brot. anD Mep., 1932, v29, 840. 

12. Greiff, D., Chiga, M., Blumenthal, H. T., and 
Pinkerton, J., J. Exp. Med., 1953, v97, 139. 

13. Adler, F. L., and Shechmeister, I. L., Proc. 
Soc. Exp. Bron. anpD Mep., 1952, v80, 660. 

14. Kaplan, H. S., Speck, R. S., and Jawetz, E., 
J. Lab. Clin. Med., 1952, v40, 682. 

15. Shechmeister, I. L., Unpublished observations. 

16. Shechmeister, I. L., and Adler, F. L., J. Infect. ' 
Dis., 1953, v92. 


Received April 17, 1953. PS.E.BM, 1953, v83. 


Aortic Albuminoid Titration and Swelling Curves from Persons Differing 
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The present investigation is concerned with 
one phase of a study on the chemical changes 
associated with atherosclerosis and increasing 
age of the human aorta. Titration and swell- 
ing curves of the human aortic albuminoid 
(collagen, reticulin, and elastin) have been 
studied with reference to possible changes in 
protein constitution associated with athero- 
sclerotic processes. Previously, the existence, 
in the human aortic albuminoid, of a car- 
bohydrate fraction not quantitatively altered 
by pathological or aging changes has been 
demonstrated(1). However, albuminoids from 
aged and atherosclerotic aortae have been 
shown to combine with larger quantities of 
hydrochloric acid than do relatively normal or 
younger samples, although combination with 
sodium hydroxide remained constant in all 
cases(2). The mean percentage of elastin in 
this aortic albuminoid showed no significant 
change with age or atheromatous condition. 
However, a statistically significant increase 
in albuminoid elastin was apparent in samples 
showing visible calcification (3). 


Materials and methods. The albuminoid 
samples were prepared from 23 human aortae 
by methods previously described(2). Fol- 
lowing desiccation, each sample was ground 
in a Wiley mill (40 mesh) and replaced in 
the desiccator for a minimum of 24 hours. 
The volume swelling and titration curves were 
determined by the method of Highberger(4), 
which was slightly modified according to the 
special needs of the present problem. Eleven 
100 mg samples from each aorta were weighed 
out on an analytical balance and placed in an 
equal number of graduated 15 ml centrifuge 
tubes. Ten ml of the appropriate standard 
solution was added to each tube and the con- 
tents shaken. Five samples were incubated 
in hydrochloric acid standards (0.0005N- 
0.05N), 5 in sodium hydroxide standards 
(0.00055N-0.055N), and one in distilled 
water. All samples were stoppered and incu- 
bated for 48 hours at room temperature. 
Following the incubation period, the tubes 
were centrifuged for 10 minutes at about 400 


g. The volume of solid was estimated imme- 
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HIG. 1. Effect of age on titration curve of human 
aortic albuminoid (the 4 age groups contained, in 
chronological order, 4, 6, 6, and 6 samples). 
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FIG. 2. Effect of pathological changes on titration 
eurve of human aortic albuminoid. On the basis of 
gross observations, 0 = normal, 1+ — few ather- 
omatous plaques, 2+ —= moderate atheromatous 
plaques, 3+ = atheromatous plaques and few eal- 
cified plaques, and 4+ —many plaques, athero- 
matous and ealcified. The groups contain 3, 6, 3, 
6, and 5 samples, respectively. 


diately following centrifugation. The pH of 
each supernatant solution was then determined 
with a Beckman pH Meter using the glass 
electrode. The alkaline pH readings were cor- 
rected for sodium ion errors and the number of 
milliequivalents of acid and base “combined” 
by each aliquot calculated from the above 
data. 


Aortic ALBUMINOID TITRATION AND SWELLING CURVES 


Results. The data obtained from the aortae 
were arbitrarily subdivided into 4 age groups 
(Fig. 1, 3) and again into 5 groups graded 
according to the extent of atherosclerotic 
change (Fig. 2, 4). The latter were defined 
on the basis of gross observations. The 
average results within each age and patho- 
logical group were calculated and titration 
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FIG. 3. Effect of age on swelling curve of human 
aortic albuminoid (the 4 age groups contained, in 
chronological order, 4, 6, 6, and 6 samples). 
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FIG. 4. Effect of pathological changes on swelling 
curve of human aortic albuminoid. On the basis 
of gross observations, 0 = normal, 1+ — few ath- 
eromatous plaques, 2+ — moderate atheromatous 
plaques, 3+ — atheromatous plaques and few cal- 
cified plaques, and 4+ — many plaques, athero- 
matous and calcified. The groups contain 3, 6, 3 


6, and 5 samples, respectively. 4 


Aortic ALBUMINOID TITRATION AND SWELLING CURVES 
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TABLE I. Swelling and Titration Properties of the Albuminoid of 23 Human Aortae. 


Mean combined 


i HCl or NaOH 

Ineubating Mean vol + Mean pH + (mEq/g) + 

solution stand. dev. stand. dev. stand. dev. 

N 
05 HCl 59 + .09 1.54 + .09 1.97 + -70 
025 > 59 = 14 104 =5..417 1.26 + .40 
01 4 52 11 2.68 + .25 75 + .09 
ANOD 51 + .05 Ruls5 76 20 + .00 
0005” 54+ .06 6.57 + 21 05 + .00 
Distilled H,O 56 + .09 7.31 + .52 es 
.00055 NaOH 7 + .06 8.75 + .67 05 + .00 
0022 67 18 10.21 + 67 20 + .02 
011 » 97 -421,19 11.50 + .64 76+ .29 
0275” 1.19 + 418 11.95 + .67 Lest 27 
.055 2 1.26 + .09 12.19 + .67 3.85 + .47 


and swelling curves plotted using these mean 
values (Fig. 1-4). The combined data were 
also computed (Table I). The titration curve 
(Fig. 1, 2) for the human aortic albuminoid 
was characterized by minimal acid and base 
combining power in the approximate pH range 
of 3-11. Below, and, especially, above this 
range, relatively large quantities of acid and 
base were combined. No marked effects of 
aging or pathologic change were observed, 
except for the apparent trend towards in- 
creased combination with hydrochloric acid 
with increasing age and pathology, consistent 
with previous findings(2). 

The albuminoid swelling properties with 
respect to age (Fig. 3) and pathologic change 
(Fig. 4), were typified by pronounced in- 
creases in volume in the higher pH range 
(10-12). Again, no major changes resulting 
from increasing age or increasing pathologic 
change could be inferred from either curve. 

Discussion. The problem of hydrolysis 
presents a complicating factor in attempting 
to interpret the observed data. It has been 
shown in similar experiments that the amount 
of protein nitrogen dissolving from steerhide 
collagen is greatest in the more basic solu- 
tions(4). This peak value, however, repre- 
sents only 6.4% hydrolysis when calculated 
as an equivalent weight of collagen. 

It is of interest to compare the present re- 
sults with those obtained from _ steerhide 
collagen(4). The characteristic broadening 
of the isoelectric point into an_ isoelectric 
range observed in fibrous proteins can be 


shown in both cases. The results differ mainly 
in that steerhide collagen combines with more 
acid and less base at the extreme pH ranges 
than does the human aortic albuminoid. 
Likewise, steerhide collagen swells maximally 
at about pH 2.5, while aortic albuminoid 
reaches its swelling peak at approximately 
pH 12. In both cases, however, the similarity 
between titration and swelling curves of the 
same albuminoid sample is evident. 

Though all the curves plotted are not 
everywhere identical in respect to aging and 
pathological changes, no consistent differences 
comparable to the marked changes observable 
in this tissue upon microscopic or visual ex- 
amination can be found. The possible excep- 
tion to this statement concerns those changes 
in acid-combining properties previously noted 
(2), which may be due to differences in ash 
content of the albuminoids. Though the con- 
ditions of the two sets of experiments were 
somewhat different, it seems of value to com- 
pare the results of the present investigation 
with those concerning the combination of 
hydrochloric acid and sodium hydroxide with 
the aortic albuminoid(2). The maximum 
amount of acid combined in the latter data 
was about 2.3 milliequivalents per g of al- 
buminoid. The present work is essentially 
in agreement with that figure (1.97 mEq/g). 
On the other hand, 3.85 milliequivalents of 
base were bound maximally by the albuminoid 
in the present series, while the earlier data 
show a peak combination with only slightly 
above 0.8 milliequivalent per g of albuminoid. 


2u2 


This discrepancy is probably associated with 
the greater incubation time used in the recent 
experiments. Thus, a substantially larger 
amount of hydrolysis of the proteins incu- 
bated in sodium hydroxide may have taken 
place with prolonged standing. 

Summary. 1. Titration and swelling curves 
of the human aortic albuminoid were deter- 
mined and analyzed with respect to possible 
effects of increasing age and atherosclerosis. 
Except for previously determined differences 
in acid-binding, no marked changes were 
observed. 2. Titration curves were character- 
ized by extension of the isoelectric point into 
an isoelectric range between approximately 


HEPATIC CHOLESTEROL AND CHOLATE PRODUCTION 


pH 5 and 10. Maximal swelling was observed 
at approximately pH 12. 
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A perfusion apparatus has been described 
by Brauer, Pessatti, and Pizzolato(1) in 
which the isolated rat liver can be maintained 
in a viable state for many hours, and its 
functional capacity demonstrated by the con- 
tinuous formation of bile. The present report 
describes the cholesterol and cholate content 
of the perfusate, and of the bile, in 12 per- 
fusion experiments on the isolated rat liver. 

Methods. Young, male, non-fasted, Long- 
Evans rats in a weight range of 220-350 g were 
utilized. Ether inhalation anesthesia was 
employed in all instances (in some cases, 
intraperitoneal nembutal (12 mg) was given 
initially). After opening the abdomen, 1.0 
mg of heparin was injected into the inferior 
vena cava. The bile duct, portal vein, and 
thoracic vena cava were cannulated in turn 
with polyethylene catheters. The liver was 
excised and placed in the perfusion apparatus, 
with perfusate entering the portal vein cath- 


* Aided by grants from the California Charities 
Foundation, the Monterey Heart Assn., the San 
Francisco Heart Assn., and the U. S. Public Health 
Service. 


eter under a constant, non-pulsatile pressure 
of 21.5 cm. Clean, but not sterile, surgical 
technic was employed. The operative time 
during which circulation through the liver was 
interrupted, i.e., from ligation of the portal 
vein until placement of the excised liver in the 
perfusion apparatus, was under 10 minutes in 
all cases, and averaged 5 minutes. The per- 
fusate consisted of one part of heparinized 
whole rat blood diluted with 3 parts of salt 
solution, prepared according to Brauer(1). 
Dextrose sufficient to achieve a concentration 
of 80 mg % was added to the complete per- 
fusate. In all but the first 4 experiments, an 
additional 4.0 cc of 10 “essential’’ amino acids 
was added, as prepared by White(2). In the 
last 4 experiments 4.0 cc of 9 of the B vitamin 
group, and 4.0 cc containing carotene, Vit. A, 
ascorbic acid, glutathione, and cysteine were 
added, also as prepared by White(2). An in- 
fusion containing the same salt and albumint 
concentrations as the perfusate with the addi- 


+The authors wish to thank Armour and Co. 
for supplying the bovine plasma albumin used in 
these experiments. 
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TABLE I. Cholesterol and Cholate Concentration of Perfusate and Bile of Isolated Liver Preparation. 
———————————————————————— — — — — — — — —  — ————————————eeEeEeEeEEE—————————————— eee 


Perfusate— —_—_____.__— Bile ——, 
Duration of —Cholesterol—, ~——Cholate——, Choles- 

perfusion Flow* Initial Final Initial Final Flow terol Cholate 

Hr Min. (ce/min.) (mg%) (mg%) (mg %) (mg %) (ce/hr) (mg %) (mg %) 
Avg: 7 25 49 13.8 18.0 1.2 1.4 .24 6.3 Mure 
Range: ae ves to 7-95 8.3-17  8.3-30 .0-2.6 .0-3.0 10-61 3.5-11.6 59-240 

0 

S.E. meant: 4.6 RG ; 42 oo .04 .86 lif 
No. of obser- 12 12 5 iat 


vations: 


5) 11 12 8 10 


* Avg flow values calculated as mean of values observed at beginning, middle, and end of perfusion 


period. ee 
: eae 
+ Stand. error of mean calculated by formula S.E.— / : 
Veo, 
tion of .5% of dextrose, was injected ata rate mg %). The final concentration averaged 


of .29 ml/hour. To control bacterial growth, 
terramycin was added, first to the infusion, 
later directly to the perfusate in a concentra- 
tion of 0.01 mg/ml. Samples of perfusate and 
bile were removed for analysis of cholesterol 
and cholate according to technics previously 
described from this laboratory(3,4). The 
average initial volume of the perfusate was 
95 ml. The perfusate gave an hematocrit 
reading of about 10%; the pH varied from 
7.1 to 7.3; the proteins were 2.5 g %. Oxygen 
saturation was maintained at 92%, tempera- 
ture.at37-C. 

Results. The following data were compiled 
from 12 perfusion experiments. 

I. Perfusate. The average flow maintained 
through the hepatic circulation during the 
period of perfusion was 49 cc per minute. 
The rate of flow through the liver generally 
increased, during the first half-hour, from a 
minimum to the average value and continued 
unabated at this rate until the experiment was 
terminated at the cessation of bile flow. The 
cholesterol content of the perfusate at the 
start of the perfusion averaged 13.8 mg % 
(range: 8.3-17 mg %). At the end of the 
perfusion, the cholesterol content averaged 
18.0 mg % (range: 8.3-30 mg %). The 
plasma cholesterol of intact rats averages 48 
mg %) (range: 32-76 mg %(7)). The dif- 
ference between initial and final perfusate 
cholesterol levels is within three standard 
errors of the mean and is not considered 
significant. The initial level of perfusate 
cholate averaged 1.2 mg % (range: 0.0-2.6 


14 mg % (range: 0.0-3.0 mg %). The 
average cholate concentration of intact rats 
recently obtained in this laboratory is 3.5 
mg % (range: 0.5-4.5 mg %(7)). 

II. Bile. The average bile flow was 0.24 cc 
per hour. This is 41% of the average rate of 
0.59 ml/hour secreted by the intact animal 
(5). The total amount of bile collected from 
each preparation averaged 2.0 cc (range: 
0.68-4.9 cc). The average cholesterol content 
of the bile was 6.3 mg % (range: 3.5 mg % 
to 11.6 mg %). The cholesterol concentra- 
tion of bile obtained from intact rats averages 
55mg % (range: 42-69 mg %). The amount 
of cholesterol secreted per. hour was 0.0183 
mg. This is 22.5% of the 0.075 mg per hour 
secreted by the intact rat(7). The average 
cholate level in the bile was 117 mg % (range: 
59-240 mg %). In the intact rat biliary 
cholate concentration averages 184 mg % 
(range: 98-290 mg %(7)). 

Discussion. The above studies demonstrate 
that the isolated perfused rat liver not only 
can be maintained in a viable state over a 
period of many hours as demonstrated by the 
continuous formation of bile, but will continue 
to secrete cholesterol and cholate into the bile. 
Since biliary cholesterol has been shown to be 
an index of hepatic synthesis of cholesterol (5) 
and biliary cholate to be the major excretion 
product of the hepatic destruction of choles- 
terol(6), these data demonstrate the integrity 
of these vital processes of cholesterol syn- 
thesis and degradation in the isolated perfused 
rat liver. 
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Summary. When the isolated rat liver was 
perfused with a solution containing whole rat’s 
blood diluted 1:3 with a solution of electro- 
lytes, crystalline albumin, amino acids, and 
vitamins, bile was continuously formed over a 
period of 2 to 11 hours. The initial perfusate 
level of cholesterol averaged 13.8 mg %, and 
the initial perfusate level of cholate averaged 
1.2 mg %. The final perfusate levels of 
cholesterol averaged 18.0 mg %, and of 
cholate 1.4 mg %. The differences between 
initial and final concentrations are not sig- 
nificant for these data. The bile contained 
an average of 6.3 mg % of cholesterol and 
117 mg % of cholate. These data demon- 
strate that the isolated perfused rat liver 
maintains its ability to synthesize and degrade 
cholesterol. 


Mechanical Fragility of Erythrocytes from Leukemic Patients.* 
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The theory that an excessive rate of hemo- 
lysis might be a causative factor in the anemia 
of leukemia is not new(1). Jaffe’s(2) observ- 
ation of hemosiderosis in the organs of leu- 
kemic patients who had not. been transfused 
led him to emphasize the probability of an 
increased red cell destruction in this disease. 
In the past few years R. Berlin(3) and Aas(4) 
and Brown et al.(5) have reported that donor 
erythrocytes have a sub-normal life span in 
leukemic patients, even when the latter failed 
to exhibit the usual signs of hemolytic anemia. 
Ross and his colleagues(6) have demonstrated 
increased fecal urobilinogen and shortened red 
cell life in patients with leukemia. The red 
cell survival was estimated in the latter report 
by radioactive iron tagging of the patient’s 
erythrocytes, while in the study by R. Berlin 
the survival of transfused cells was studied by 
the Ashby technic. N. I. Berlin et al.(7) have 
demonstrated a shortened red cell life in some 


* Supported in part by the Research Committee 
of the Graduate School from funds supplied by the 
Wisconsin Alumni Research Foundation. 


leukemic patients by glycine C™ tagging of 
their red cells. Watson and Hagen(8) have 
reported some instances of frank hemolytic 
anemia in patients with leukemia. 

The mechanical fragility (M.F.) of the 
erythrocytes is increased in several varieties 
of hemolytic anemia, e.g., congenital sphero- 
cytosis(9), thermal burns(9), some cases of 
acquired hemolytic anemia(10), methemo- 
globinemia with hemolytic anemia(11), ma- 
laria, and the sickled cells of sickelemia(9). 
A similar increase in the M.F. of the erythro- 
cytes from leukemic patients is reported in 
this paper. 

Methods. One-half ml of oxalated(12) 
venous blood with the hematocrit adjusted to 
35% by adding or removing plasma was ro- 
tated at 44 RPM at room temperature for one 
hour in a SO ml Erlenmeyer flask containing 
10 glass beads 4 mm in diameter. The radius 
of the circle through which the flasks turned 
was 8.7 cm. The apparatus and method are 
similar to that described by Shen, Fleming, 
and Castle(8). The hemoglobin appearing in 
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the plasma of the rotated sample was meas- 
ured in an’Evelyn colorimeter and expressed 
as a per cent of the total hemoglobin present 
in % ml of blood. Blood from 43 leukemic 
patients was studied. The “control” values 
were determined on 43 persons, either healthy 
people or hospitalized patients with illnesses 
considered unrelated to the present study. 
The controls were selected to match the pa- 
tients in age. In the leukemic group there 
were 16 patients with chronic lymphocytic 
leukemia, 13 with chronic granulocytic and 


TABLE I. Mechanical Fragility of Erythrocytes 
in Leukemia, in 43 Cases. 


Diag- WBC HGB, 

Age Sex nosis x 10% «g/100ml M.F.% 
63 a AL(?) 5.0 7.3 2.2 
63 A CGL 30.4 D9) 2.6 
65 4a a 30.7 10.0 2.7 

2 3 AL 96.2 6.8 3.0 
85 Q CLL 49.6 UAED: 3.1 
46 Q ? 9.4 11.5 3.4 
37 3 CGL sal 16.5 3.5 
65 é CLL 23.6 14.0 3.7 
67 3 ok 24.0 15.4 4.1 
69 3 aa 70.5 14.0 4.] 
68 é ai 66.5 12.3 4.1 
40 Q AL 5.9 10.8 4.4 
19 4 > 14.3 9.5 4.7 
64 g OGL 28.3 11.5 4.8 

2 3 AL 7.4 10.2 5.0 
43 Q CGL 809.1 10.0 5.2 
18 Q AL 7.0 12.0 5.7 
22 Q a 64.3 14.0 5.8 
55 Q CLL 20.5 11.3 5.9 
53 a AL 220.1 7.5 5.9 
57 Q CLL 103.5 12.7 5.9 
14 3 a 113.0 6.8 5.9 
50 3 x 68.2 16.0 6.1 
68 Q CGL 119.5 11.1 6.2 
62 Q ie 297.0 10.5 6.2 
61 a CLL 282.1 Tel 7.0 
59 a i 25.1 12.2 (fe 
65 Q CGL 257.0 11.8 tot 
45 fo} bs 79.6 13.7 7.8 
49 3 CLL 221.5 4.8 dae, 
75 3} AL 84.0 10.6 7.9 
59 9 ” 4.9 11.8 8.0 
23 Q CGL 78.4 8.8 8.3 
62 ‘ AL ileal 6.4 8.9 
50 fe) CGL 72.5 13.2 Oat: 
66 3 ss 141.8 6.7 S)nil 
64 Q AL 5.9 9.1 9.5 

3 A 4 6.9 6.7 9.6 
39 Q x a3) 7.6 9.8 
59* eg CLL 55.9 4.8 10.0 
66 3 : 59.5 11.0 10.8 
59* a ‘4 11.3 3.7 11.9 
30 3 CGL 184.5 12.5 13.0 

Avg 10.3 6.46 


* Positive Coomb’s test. 
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TABLE II. Summary of Statistical Analysis of 
Mechanical Fragility of Erythrocytes.* 


Avg i 

M.F. % Range 8.D.t 

43 leukemic patients 6.46 Broa) ae Gil 
(26 male) 6.4 
(17 female ) ‘6.6 

43 controls 4.38 2.1— 6.4 + 1.26 
(19 male) 4.6 
(24 female) 4.2 


t = 4.698—significant at the 1% level of signifi- 
cance. 

* The University of Wisconsin Computing Ser- 
vice obligingly analyzed the data summarized in 
iaiplensietives 

+ §.D. = Stand. deviation. 


14 with acute leukemia. Fecal urobilinogen 


values were determined by Watson’s technic 


(13), utilizing a 4-day stool collection. 


Results and discussion. Tables I and II 
show the pertinent data. The average M.F. 
for the control group was 4.4% and for the 
leukemic group it was 6.5%. The average for 
the 14 patients with acute leukemia was 6.5%, 
for chronic granulocytic 6.6%, and for chronic 
lymphocytic 6.1%. 

The Coomb’s test was positive in 2 of 10 
bloods studied from patients with chronic 
lymphocytic leukemia. The M.F. of these 2 
bloods was 10% and 11.9%, and the patients 
excreted 663 mg and 348 mg of fecal uro- 
bilinogen per day. 

The average hemoglobin level for the 43 
leukemic patients was 10.3 g/100 ml. The 
12 having an M.F. of at least 8% had an 
average hemoglobin of 8.5 g/100 ml, while 
those with an M.F. of less than 8% had an 
average hemoglobin level of 11.1 g/100 ml. 
Interpretation of these data is difficult because 
transfusions had been given to some patients 
before the M.F. was determined, but the 
average M.F. of blood from 20 patients who 
had received no transfusions was 6.2%, not 
significantly lower than the average of 6.5% 
for the total group of 43. 

Eighteen of the 43 leukemic bloods (42%) 
had an M.F. value which exceeded the high- 
est value in the control group. 

The M.F. of erythrocytes from one woman 
with chronic granulocytic leukemia was deter- 
mined 5 times over an interval of 19 months 
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with the following results: 


Date M.F. % Hematocrit 
7/51 2 35 

10/51 8.3 30 
6/52 3.9 36 
8/52 8.5 31 
3/53 1.9 49 


In March, 1953, at the time of the most re- 
cent M.F. determination the patient was en- 
joying a remission following therapy. 


An increased M.F. is common to several 
varieties of hemolytic anemia, and the finding 
of an increased M.F. of the red cells from leu- 
kemic patients is consistent with previous 
studies of a different nature indicating an in- 
creased rate of red cell destruction as a con- 
tributory factor in the anemia of leukemic 
patients. 


Summary and conclusions. The average 
mechanical fragility of the erythrocytes from 
43 leukemic patients was 6.5%, while that of 
the control group was 4.4%. Statistical analy- 
sis of the reported data indicates that this 
difference is not due to chance. 


HEPARIN INDUCED LipPoLysiIs BY PLASMA 


It is a pleasure to acknowledge the help of Miss 
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tions. 
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California, Berkeley. 


The action of heparin im vivo has become a 
focal point in the study of serum lipoproteins 
and their relationship to the development of 
atherosclerosis. It was observed by Hahn(1) 
that intravenous injection of heparin could 
effectively clear lipemic blood in humans. 
More recently, it has been shown by Graham 
et al.(2) in this laboratory, using ultracen- 
trifugal technics, that drastic alterations in 
the serum lipoprotein distribution could also 
be produced by heparin im vivo. These effects 
have not been observed when heparin was 


* This work was supported in part by the U. S. 
Atomic Energy> Commission and by the Lederle 
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allowed to react with serum in vitro; but 
plasma obtained from a human subject 15-30 
minutes after the administration of heparin 
can evidently interact with certain classes of 
lipoproteins on incubation to cause changes 
in their ultracentrifugal pattern and other ob- 
servable effects. For brevity, such plasma 
will be referred to as post-heparin plasma. 
Attempts to isolate or concentrate an active 
component by chemical fractionation of post- 
heparin plasma have been reported by other 
workers(3), and ultracentrifugal fractionation 
is being carried out in this laboratory toward 
a similar goal. The most pronounced trans- 
formations that occur as a result of reaction 
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with post-heparin plasma involve glyceride- 
containing lipoproteins of the lower density 
classes. These classes tend to diminish or 
disappear, whereas the lipoproteins of higher 
density may increase in quantity. Another 
type of effect, which can be correlated with 
the ability of such plasma to cause lipoprotein 
changes, is the reduction in turbidity of a 
solution of egg yolk lipoprotein when incu- 
bated with the plasma under specified condi- 
tions. This has been developed as a test for 
heparin-induced activity, and is being reported 
in detail elsewhere(4). 

As an initial step in investigating the nature 
of these reactions, we have carried out chem- 
ical studies of the lipid changes brought 
about in certain lipoproteins by post-heparin 
plasma. The essential results of these studies 
are the subject of this paper. 

Experimental procedure. Blood was with- 
drawn from normal human subjects before 
and after injection of 100 mg of sodium hep- 
arin (Lederle). Pre-heparin blood was al- 
lowed to clot and the serum centrifuged at low 
speed to remove any residual red blood cells. 
Post-heparin blood was centrifuged at 4000 
rpm to obtain clear plasma. Egg lipoprotein 
(ELP) was prepared by a centrifugal isolation 
method described elsewhere(4). The concen- 
tration of this preparation (ELP syrup, usually 
about 25% lipoprotein) was determined in the 
analytical centrifuge, and an appropriate dilu- 
tion made with phosphate buffer (pH = 8.0, 
ionic strength = 0.1). The final lipoprotein 
concentration is about 5 to 10%. In general, 
1 ml of diluted ELP was incubated with 2 or 
3 ml of serum or plasma at 37°C for periods 
ranging from %4 hour to 8 hours. The incuba- 
tions were performed with parallel sets of sam- 
ples, one set containing pre-heparin serum, the 
other post-heparin plasma from the same in- 
dividual. At the end of the desired time in- 
‘terval, the reaction was stopped by the addi- 
tion of 3 ml of methanol and 3 ml of water 
with stirring. The contents of the reaction 
tube were quantitatively transferred to a 
glass-stoppered 100 ml glass cylinder for ex- 
traction of lipids. The mixture was extracted 
twice with 20 ml portions of ethyl ether to 
remove most of the lipids. The residual 
aqueous phase was next acidified to pH 2 by 
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gradual addition of 6 N HCl, 3 ml of methanol 
were added, and 2 more extractions were made 
with ethyl ether. All of the ether extracts 
were combined and the solvents were removed 
by evaporation. The guiding principles in 
this procedure, wherein most of the lipids are 
extracted prior to acidification, were to achieve 
quantitative removal with minimum hydroly- 
sis of lipids to yield fatty acids. While we 
have demonstrated that hydrolysis of gly- 
cerides and cholesteryl esters is negligible 
under the usual conditions of extraction from 
acid or alkaline media, the situation with re-_ 
gard to phospholipids remains uncertain. Our 
precautions are concerned mainly with guard- 
ing against possible hydrolysis of this class of 
compounds, and are prompted in part by in- 
consistent results obtained in earlier experi- 
ments. In order to titrate free fatty acids, 
the dried extract was dissolved in about 60 ml 
of low-boiling petroleum ether and the solu- 
tion filtered into a 100 ml glass-stoppered 
cylinder. Removal of any trace of the hvdro- 
chloric acid which may have remained was 
accomplished by washing the solution 4 times 
with distilled water. (This was found to be 
sufficient to reach the same pH value as a 
similar system to which no hydrochloric acid 
had been added. Petroleum ether is preferred 
for this purpose since hydrochloric acid is re- 
moved from it more easily than from ethyl 
ether.) The solvent was evaporated, the resi- 
due was dissolved in about 40 ml of ethyl 
alcohol, and the solution boiled for one minute 
to expel carbon dioxide. The hot solution was 
titrated with sodium hydroxide (0.01 N in 
90% ethanol aqueous) to a phenolphthalein 
end point. This procedure gave satisfactory 
agreement with titration at room temperature 
under a nitrogen atmosphere, and the end 
point determination was checked with a 
Beckman Model H pH meter (glass elec- 
trode). Simplicity of operation dictated the 
choice of the procedure described. The fatty 
acids were calculated from the titration as 
oleic acid (molecular weight — 282). The 
selection of oleic acid as a reference standard 
is arbitrary, and is based on the assumption 
that the fatty acids being measured are pre- 
dominantly long chain. This follows from the 
observation that they are semi-solid when iso- 
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lated, and have the infrared spectral charac- 
teristics of long-chain fatty acids. The 
presence of a: minor fraction of low molecular 
weight acids would not invalidate our basic 
conclusions. The estimated error in titration 
is about +0.5:mg. 

Infrared analytical methods. The methods 
of lipid analysis by infrared spectrophotom- 
etry will be reported elsewhere in greater de- 
tail, but the essential outline of the procedures 
as applied in this investigation will be given 
here. The spectral measurements were made 
with a Baird Associate Model B double beam 
recording spectrophotometer equipped with a 
sodium chloride prism. The absorption cell 
had a capacity of 0.15 ml and. an optical path 
of 0.9 mm. The identity of the titrable 
material as fatty acid was confirmed by its 
infrared spectrum, and in many instances 
quantitative infrared measurements were car- 
ried out in parallel with titrations. In gen- 
eral, the absolute values for fatty acid were 
slightly lower than those obtained by titration, 
but the differences resulting from pre- and 
post-heparin incubations were substantially 
the same by both methods. The infrared 
measurements were carried out by dissolving 
the isolated fatty acids in small measured 
volumes of carbon disulfide and recording the 
spectrum of the solution. The peak absorb- 
ance (logarithm of the reciprocal transmit- 
tance) of the carboxyl absorption band at 5.9 
microns was measured and converted to fatty 
acid concentration by means of a calibration 
curve (absorbance vs. concentration) which 
had been determined previously with pure oleic 
acid. In cases where neutral material (esters) 
remained as a contaminant of the separated 
fatty acids, its presence could be detected in 
the spectrum and an appropriate correction 
applied. In analyzing the total lipid extract 
from an incubation mixture to determine fat 
and in some instances other lipids as well, a 
separation was carried out by means of a 
silicic acid adsorption column in the manner 
described by Borgstrom(5). The lipid mix- 
ture was dissolved in petroleum ether, put on 
the adsorption column, and eluted in 3 frac- 
tions by the following sequence of solvents: 
I—5% chloroform in petroleum ether (com- 
bined with petroleum ether from original 
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solution); II—chloroform; II]—methanol. 
The principal lipids are distributed in these 
3 fractions as follows: I—cholesteryl esters; 
Il—fat (triglycerides), free fatty acids, un- 
esterified cholesterol; II1I—phospholipids. The 
eluted solutions were evaporated to dryness, 
the residues were redissolved in measured 
volumes of carbon disulfide, and spectra were 
recorded of the resulting solutions. In each 
of these 3 spectra, the ester carbonyl absorp- 
tion band at 5.8 microns can be used to 
measure a different lipid cémponent. (In 
Fraction III, it represents the sum of lecithins 
and cephalins, but sphingomyelins do not 
contribute to this band(6).) If free fatty 
acids are present in Fraction II in detectable 
amounts, a correction can be made. Unesteri- 
fied cholesterol requires no correction for 
amounts which can conceivably be present. 
It has been shown by experiment that partial 
glycerides, which may be presumed to be pres- 
ent as hydrolysis products in certain cases, do 
not accompany triglycerides in the chloroform 
eluate, but remain on the column and are 
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FIG. 1. Lipid changes on incubation of egg lipo- 

protein (1 ml) with 2 ml of pre-heparin serum or 

post-heparin plasma from Subject No. 1. (Tri- 
’ glycerides as olive oil; fatty acids as oleic.) 


HEPARIN INDUCED LIPOLysiIs By PLASMA 


60 
58 TRIGLYCERIDES 
56 
54 
92 
50 
48 
2 O--- Pre-heparin 
< @— Post-heparin 
oO y e 
al oi 
a) 
= J 
FREE 
FATTY ACIDS 
af 
all 2 3 4 
TIME OF INCUBATION, HOURS 
FIG. 2. Lipid changes on incubation of egg lipo- 


protein (1 ml) with 3 ml of pre-heparin serum or 

post-heparin plasma from Subject No. 2. (Tri- 

glycerides as olive oil; fatty acids as oleic; cho- 
lesteryl esters as stearate.) 


partially eluted by methanol. The reference 
materials used for intensity calibrations were: 
I—cholesteryl stearate, synthesized by direct 
esterification(7); II—edible olive oil (com- 
mercial) ; [[Il—egg lecithin, reprecipitated sev- 
eral times with acetone. Statistical evaluation 
of these methods is not complete, but on the 
basis of column recoveries, instrumental error, 
etc., we believe that they are accurate to 
within about + 10%. Ima series of duplicate 
analyses of various lipoproteins, the trigly- 
ceride values disagreed by 0.0, 1.1, 10.0, 2.5, 
and 1.2%. To a considerable extent we have 
relied on the reproducibility in several experi- 
ments and comparison with controls as criteria 
of the validity of the observed differences. 
Results and discussion. Some _ typical 
graphs, Fig. 1, 2 and 3, illustrate the essential 
findings with respect to fatty acid release and 
other lipid:changes in the type of incubation 
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experiment described. The liberation of fatty 
acids from lipoprotein substrates by the action 
of post-heparin plasma, as contrasted with a 
minimal effect with pre-heparin plasma, has 
been observed in many other such experi- 
ments. Lipemic serum or an appropriate 
ultracentrifugal fraction thereof containing 
low density lipoproteins -can—also.serve .as..a 
substrate for the reaction. The source of the 
fatty acids is principally the triglycerides as 
evidenced by a decrease in their amount which 
corresponds roughly to the amount of fatty 
acids released. The phospholipid (sphingo- 
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FIG. 3. Lipid changes on incubation of egg lipo- 
protein (1 ml) with 3 ml of pre-heparin serum or 
post-heparin plasma from Subject No. 3. (Tri-: 
glycerides as olive oil; phospholipids as lecithin— 
sphingomyelin not included in measurement; fatty 
acids as oleic.) In this particular experiment the 
cholesteryl esters were not separated from the tri- 
glyceride fraction and presumably contribute a 
small constant error in these curves. 
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myelin not included) curves (Fig. 3) show no 
divergence greater than the experimental 
error. Analyses of the cholesteryl esters are 
somewhat erratic but indicate no hydrolysis. 
Complete hydrolysis of the total amount 
present would account for only about 25% of 
the free fatty acid observed. 

The release of fatty acids could not be 
effected with pre-heparin serum by adding 
heparin prior to incubation. Nor was any re- 
action observed with post-heparin plasma 
which had first been heated to 58°C for 10 
minutes. In order to explore the enzymatic 
nature of the process further, some experi- 
ments were performed with various inhibitors 
of the type commonly employed in metabolic 
studies. The following substances at concen- 
trations of 0.02 M in the incubation mixture 
showed less than 10% inhibition (as deter- 
mined by titration): sodium cyanide, sodium 
fluoride, sodium azide, sodium iodoacetate, 
and sodium oxalate. Data with 2,4-dinitro- 
phenol were uncertain because of interference 
with the measurements. Sodium arsenite at 
the same concentration caused 60-70% inhibi- 
tion throughout a period of 1-24 hours. 

Further studies of fatty acid release in this 
type of system are now in progress, with these 
and other inhibitors as well as activators, in 
an effort to develop the kinetic and enzymatic 
relationships. 

The process of lipoprotein alteration that is 
initiated in the body by heparin is certainly 
more complex than the straightforward lipo- 
lysis we have observed in vitro. Nevertheless, 
a selective breakdown of triglycerides is con- 
sistent with the disappearance of part or all 
of the faster-floating species of lipoproteins, 
in which fat is a predominant component. If 
hydrolysis of this fat is accompanied by re- 
moval of the products from the lipoprotein, 
the residual portion of the molecule may sim- 
ply appear as a higher density species in the 
ultracentrifuge pattern. Thus the lipolysis 
reaction could conceivably be a direct cause 
of the observed lipoprotein transformations; 
but the experimental results thus far are not 
sufficient to demonstrate such a relationship. 
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The clearing of turbidity in solutions of 
egg lipoprotein on incubation with post- 
heparin plasma could also be explained by 
lipolysis. This reaction yields products— 
fatty acids.and partial glycerides—which are 
more hydrophilic than the original material. 
And the resulting change in the colloidal 
character of the system would tend toward a 
greater degree of solubilization. 


Summary. 1. Plasma from human subjects 
who have received intravenous heparin a short 
time previously, when incubated with certain 
lipoproteins for period of 4 to 8 hours at 
37°C, has been found to cause partial hydro- 
lysis of the glyceride component of the lipo- 
protein with concomitant release of fatty 
acids. Sera from the same individuals before 
heparin administration did not cause measur- 
ably real hydrolysis under the same condi- 
tions. 2. Heating the plasma before incuba- 
tion prevents the reaction, but of a number of 
common enzyme inhibitors tried, only sodium 
arsenite is effective. 3. Our results are con- 
sistent with—and may at least partially ex- 
plain—certain other lipoprotein changes which 
may be classed as heparin effects, e.g., the 
observed redistribution of lipoproteins shown 
by the ultracentrifuge, and the cleaning of 
turbidity in egg lipoprotein solutions. 


We wish to thank Dr. John W. Gofman and 
Dr. Hardin B. Jones for their advice and interest in 
this work. 
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It has been reported from this laboratory 
(1) that injection of crystalline vit. Bj. into 
eggs, deficient in this vitamin, results in a 
growth response in the chicks hatched from 
these eggs which is sustained for at least 12 
weeks. This raises the question as to whether 
this prolonged growth response is due to an 
initial growth impetus or to the retention of 
the vitamin throughout the experimental 
period. 

The present work was planned to determine 
whether or not a significant quantity of vit. 
Bi. was retained in the chick over a 12-week 
period when the Co 60 labeled vitamin was 
administered by injection into vit. Byo- 
deficient eggs. 

Experimental. Eggs used for injection were 
from Rhode Island Red hens fed a vit. Bio- 
deficient diet. The eggs were injected on the 
6th day of incubation as follows: One lot was 
injected with 3 wg of Co 60 labeled vit. Bio 
which had a specific activity of about 38 yc 
per mg; a second lot was injected with 3 pg 
of the unlabeled vitamin (Cobione); a third 
lot was not injected. Chickens hatched from 
all the eggs received a corn-soybean meal diet* 
which was low in vit. Biz. At least 5 birds 
from each group were sacrificed at one day, 
3, 6, 9, and 12 weeks of age. The chickens 
from the B,:-injected groups demonstrated a 
‘growth response similar to that obtained by 
Lillie et al.(1). Radioactivity measurements. 
Individual, whole chickens were wet ashed, 
made to volume and their radioactivity deter- 
mined with a proportional counter. All sam- 
ples were counted for a sufficient length of 
time to insure a counting error of not more 
than 5%. All results were referred to a 
standard prepared in the same manner as the 
samples. Self absorption and decay correc- 


* This project was supported in part by the 
U. S. Atomic Energy Commission. A preliminary 
report was presented at annual meeting of American 
Institute of Nutrition, April 7, 1953. 


tions were applied in all cases. The samples 
were prepared for counting by direct evapora- 
tion of the nitric acid digests in stainless steel 
cups. Twenty chicks from the radioactive 
group were kept in a separate battery and the 
droppings collected quantitatively for each of 
the 12 weeks of the experimental period. Each. 
weekly collection of droppings was dried, 
ground and a representative sample wet ashed 
and made to volume. Microbiological assay. 
The By. content of chickens from the eggs in- 
jected with Cobione was estimated by the 
U.S. Pharmacopeia method(2), using cyanide 
in the extraction procedure(3). In order to 
measure only the B,. content in the tissues of 
the chicken, the intestinal contents were dis- 
carded. The chickens were skinned in order 
to facilitate easy removal of the feathers. 

Results and discussion. The results of 
radioactivity measurements and microbiologi- 
cal assays on whole chicks for the various age 
groups are reported in Table I. The vit. By 
values of the measured radioactivity are re- 
ported, assuming that there was no degrada- 
tion of the vitamin after injection. In support 
of this assumption Rosenblum and coworkers 
(4) have concluded, on the basis of parallel 
radioactivity and microbiological assays, that 
the injected radiovitamin is excreted as such in 
the urine of the rat. 


The results indicate that there was a rapid 
initial loss of radioactivity during the first 
3 weeks, after which there was a rather uni- 
form and continuous loss for the remainder of 
the experimental period. Monroe and co- 
workers(5) have reported, on the basis of a 
short term experiment, that Bj. has a low 
turnover rate in week-old chicks when the 
vitamin is injected intraperitoneally. The re- 
sults reported here confirm this low turnover 
rate for Bys. In addition, the data show that 
as much as 30% of the injected vitamin is 
retained by the chick over a 12-week period. 

The vit. By. values for the droppings and 
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TABLE I. Vitamin B,, Values for Chicks and Droppings Estimated by Microbiological Assay 
and Calculated from Radioactivity Measurements. 


By ¥alues 


_—B,» values caleulated from radioactivity, 


estimated by Cumulative 
microbiologi- excretion 
,Age calassay, ug Perchick,yg per chick, ug % recovery 
(Egg) 3.12* 3 — 100.0 
1 day 3.03* 2.46 a == 
3 wk 1.20 ial 94 88.5 
GN: 1.61 1.42 1.65 102.2 
oe 2.18 J.23 == = 
ip 4.10 98 =e == 


*3 wg inj. By + By normally present. 


the percent recovery as determined by adding 
the total B,. excreted to that retained by the 
chicks are shown in the last 2 columns in 
Table I. Essentially complete recovery of the 
radioactivity was obtained for the 3- and 6- 
week intervals. Although droppings were 
collected weekly for the entire experimental 
period, values are reported only for the first 
6 weeks because of the large dilution of the 
small amount of radioactivity in the later 
samples. 


A comparison of the values reported, based 
on the 2-assay methods, suggest that there 
was no appreciable uptake of the vitamin from 
the basal diet or intestinal synthesis during 
the first 6 weeks of the experiment, since the 
data are in approximate agreement for these 
age groups. Beyond 6 weeks of age there is a 
decided increase in the By. values based on 
microbiological assay compared to those cal- 
culated from radioactivity, indicating absorp- 
tion of the vitamin from some exogenous 
source. The. difference in the chick By» 
values noted at 3 weeks is of doubtful sig- 
nificance and probably represents experi- 


By ey \ 


mental error in one or both of the assay 
methods. However, the possibility that this 
difference represents Co 60 in some form other 
than vit. By. can not be ruled out. 

Summary. °The results indicate that over 
30% of the injected Co 60 activity is re- 
tained for as long as 12 weeks in chicks 
hatched from eggs injected with the radio- 
vitamin. The total B,. content of the chick 
as measured microbiologically roughly paral- 
lels Co 60 activity until 6 weeks of age, after 
which there is a decided increase in the total 
By content of the chicks. 


1. Lillie, R. J., Olsen, M. W., and Bird, H. R, 
Proc. Soc. Exp. Brot. AND MEp., 1949, v72, 598. 

2. Vitamin B,, Activity Assay, Third Supplement 
to the Pharmacopeia of the United States, Four 
teenth Revision (1950). 

3. Denton, C. A., Kellogg, W. L., and Bird, H. R., 
-Federation Proc., 1952, v11, 440. oe 

4. Rosenblum, C., Chow, B. F., Condon, G. P., 
and Yamamoto, R.S., J. Biol. Chem., 1952, v198, 915. 

5,. Montoe; aRy A. Patrick sh. oi Comar a Gane 
and Goff, O. E., Poultry Sci., 1952, v31, 79. 


Received May 8, 1953. P.S.E.B.M., 1953, v83. 


223 


Bioassay of Parathyroid Hormone.* (20314) 


Betty L. Rusint AND Ratpy I. DorrMman.t 


From the Departments of Biochemistry and Medicine, Western Reserve University School of 
Medicine and Lakeside Hospital, Cleveland, O. and the Worcester Foundation for Experimental 
Biology, Shrewsbury, Mass. 


Tweedy, Chilcote, and Patras(1) demon- 
strated an increase in radiophosphorus excre- 
tion in thyroparathyroidectomized rats follow- 
ing the injection of 5 or more U.S.P. units of 
parathyroid hormone and 3 mg of phosphorus 
as disodium phosphate (13.75 mg of disodium 
phosphate). These studies are concerned with 
the use of this increase in P®? excretion as the 
basis of an assay technic for parathyroid 
hormone. 

Animals, materials and methods. Parathy- 
roid extract (Lilly and Co.) was administered 
to 90-160 g, thyroparathyroidectomized Holtz- 
mann albino rats maintained on a dog chow 
diet. The hormone was administered sub- 
cutaneously in 1 cc of saline. Optimum con- 
ditions with respect to the amount of disodium 
phosphate given and route of administration 
were studied, but in all experiments the 
material was injected in a volume of 2 cc. 
After both hormone and phosphate had been 
administered, the animals were immediately 
placed in glass metabolism cages and the urine 
collected quantitatively for 3 hours. The 
method of collection was the same as that used 
by Dorfman, Potts, and Feil(2). Experi- 
mental. In order to establish the optimal con- 
ditions for the assay, the following variables 
were investigated: 1) The interval between 
thyroparathyroidectomy and use of animals 
for assay of parathyroid activity, 2) the 
amount of disodium phosphate to administer, 
3) the route of administration of disodium 
phosphate, and 4) the effect of varying the 
time interval between the hormone and phos- 
phorus and the collection of urine. 

Influence of interval between operation 
and assay. The effects of differing in- 
tervals between operation and assay are 


* Supported in part by a grant from the Division 
of Grants and Fellowships, National Institutes of 
Health, U. S. Public Health Service. 

+ Present address: Worcester Foundation for Ex- 
perimental Biology, Shrewsbury, Mass. 


shown in Table I. In the first 2 experiments, 
13.75 mg of disodium phosphate per 100 g of 
body weight were administered to animals 14 
and 32 days after operation, and 1.55 mg of 
disodium phosphate per 100 g of body weight 
were administered to the same animals a week 
later. Five U.S.P. units caused a significant 
increase in P*? excretion in 2 of the 4 trials. 
In the third and fourth experiments, 1.2 mg of 
disodium phosphate were administered to rats 
one day after operation and again a week 
later. One-half to 10 U.S.P. units caused a 
significant increase in P®” excretion in the 
animals one day after operation. Fisher’s ¢ 
values(3) were used as criteria of the sig- 
nificance of the differences between the mean 
excretions of control and experimental groups. 
Using a total of 10 animals, the ¢ value must 
be greater than 2.28 for the probability (P) 
to be less than 0.05. With a total of 20 ani- 
mals, ¢ must be greater than 2.09, and for 26 
animals, ¢ must be greater than 2.05. The 
data also show that 5 U.S.P. units adminis- 
tered to animals 14-39 days after operation 
caused an increase in P®” excretion of lesser 
magnitude than the increase caused by 2.5 
units administered one day after operation. 
A tendency for the excretion of P*” in the 
control group to increase with increasing time 
after operation was observed. This is es- 
pecially striking an in experiment (the sixth 
in Table I) in which animals selected for 
their low excretion of phosphorus on the first 
post-operative day (mean = 1.21 + 0.23%) 
were tested again on the second day, at which 
time the mean P* excretion had increased 
to 5.66 + 1.21%. No significant difference 
in P*? excretion of the untreated operated 
animals could be demonstrated within the 
first 16 hours post-operatively (Table I). The 
individual variations were high, as indicated 
by the large standard errors of the means. In 
all later experiments animals were used within 
24 hours after operation. 
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TABLE I. Effect of Varying the Time Interval between Operation and Start of Test. 


BIOASSAY OF PARATHYROID HORMONE 


tered intraperitoneally, simultaneously with hormone. ) 


(P# adminis- 


Na,HPO, Parathyroid »———Urinary excretion of inj. P’————, 
Time admin., hormone, No. Control, No. Exp., % 
post-op. mg/100g U.S.P.units animals %+58.E. animals %+S8. °E. change t 
* 32 days 13.75 5 5 6.57 + .84 6 9.36+1.02 + 45 2.11 
ae) 1.55 5 5 3.25 + 1.34 5 11.15 +1.57 +243 4.40 
eal Ae oe 13.75 3) 6 6.87 + 1.31 6 942+ .69 + 37 1.71 
7 1.55 5 6 5.06 + 1.65 6 968+ .76 + 90 2.54 
m= 2s 902? 1.15 2.5 ital 2.51 + 1.03 9 10.59+1.80 +321 3.84 
5.0 11 11.62+41.32 +363 5.35 
10.0 9 14.22+1.82 +466 5.57 
8-9 ” 1.2 2.5 ifn 10.66 + .89 11 12.38+145 -+ 16 1.01 
5.0 10 10.26 + 1.57 .22 
10.0 10 11.73 +192 -+ 10 ol 
pagel 1.2 A) 10 2.60 + .87 11 5.914110 +127 2.36 
1.0 11 6.09 +108 +134 2.49 
2.5 9 10.274+2.55 +295 39 
Span 1.2 5 7 3.47 + .83 12 5.73 +135 + 65 1.41 
1.0 9 499+ .98 + 44 aly) 
P20 9 6.35 +1.33 -+ 83 1.80 
5) oo tl a Tracer 0 14 1.95 + .67 
Bue dose 0 14 2.80+ .40 
i bs 2 0 6 12S ee 
teagioge 0 6 5.65 + 1.21 
Pa eee ie 1.2 0 8 3.494 .99 
aa 0 8 3.96 35 221 
1% hr 1.2 0 ° 3.82 + 1.6 
Bite 0 8 2.52 + 1.38 
qe 0 8 Rei eae) cle) 
Sig! 0 8 146+ .65 
G22 0 8 3.65 + 1.74 


* Same animals used at both time intervals. 


t Selected animals showing lowest excretion on day 1. 


Influence of varying amounts of disodium 


~ih ae 


obtained with 1.2 mg disodium phosphate 
much more closely than that obtained with 
tracer P?*. The equation of the regression 
line for the data obtained with 1.2 mg phos- 
phate over the dosage range from 0.5 to 3.0 
U.S.P. units, determined by the method of 
Fisher (1934), is y = 8.3 + 8.6 log x. The 
sensitivity, as indicated by a significant in- 
crease in P®* excretion is about the same for 
both levels of phosphate administration, 0.5 
U.S.P. unit causing a significant increase (64- 
220% in magnitude) in P** excretion over 
that of the controls in 4 of 6 experiments. 
The variation of P** excretion within groups 
appears to be somewhat less when 1.2 mg of 
phosphorus was administered than when 
tracer P®? was used. 

Influence of time interval between injection 
of hormone plus injection of phosphorus and 


phosphate. When 13.75 mg of disodium 
phosphate per 100 g of rat were administered, 
there was no significant difference in P*? ex- 
cretion between operated and unoperated con- 
trol animals, both excreting more than 6% of 
the injected P32. Five units caused the ex- 
cretion in operated animals to increase ap- 
proximately 40% over the control excretion. 
Influence of varying dose of hormone. 
Table II lists the responses to various doses of 
parathyroid hormone when 1.2 mg disodium 
phosphate per 100 g of body. weight were ad- 
ministered simultaneously with the hormone 
to animals operated 24 hours previously. 
Table III lists the responses when tracer P?? 
and hormone were administered to animals 
operated 24 hours previously. A straight line 
log-dose response relationship fits the data 


‘BIOASSAY OF PARATHYROID HoRMONE 


TABLE II. Influence of Parathyroid Hormone on 
Phosphate Excretion of Thyroparathyroidecto- 
mized Male Rats. 24 hr after operation, 1.2 mg 
Na,HPO,/100 g. P® and hormone inj. simultan- 


eously L.P. 
Parathyroid Mean P” 
hormone, No. ex- excretion, 
U.S.P. units periments No. rats %+S.E. 
0 vB 97 2.68 + .32 
10 1 10 2.90 + .50 
.25 1 10 2.80 + .47 
-50 3 28 5.35 + .33 
1.00 9 101 8.35 + .53 
2.50 2 18 10.43 + 1.49 
3.00 8 90 12.60 + .80 
5.00 1 ila 11.62 + 1.36 
10.0 i 9 14.22 + 1.82 


TABLE III. Influence of Parathyroid Hormone on 

Phosphate Excretion of Thyroparathyroidecto- 

mized Male Rats. 24 hr after operation, tracer P®. 
P” and hormone inj. simultaneously I.P. 


Parathyroid Mean P® 
hormone, No. ex- excretion, 
U.S.P. units periments No. rats %+S.E. 
0 a 34 2.404 .39 
m3) 2 23 6.58 + .90 
1.0 1 16 3.62 + ' .80 
1.5 il 16 eo etn TAl 
2.0 1 16 10.78 + 1.36 
3.0 1 13 6.17 + .63 
6.0 1 16 9.74 + 1.58 


TABLE IV. Influence of Parathyroid Hormone on 
Phosphate Excretion of Thyroparathyroidecto- 
mized Male Rats. 2-4 hr after operation, 1.2 mg 
Na,HPO,/100 g. 344 hr between P® (SQ) and 


hormone. 
Parathyroid Mean P® 
hormone, No. ex- excretion, 
U.S.P. units periments No. rats % +S8.E. 
0 i 68 15 + .05 
25 1 10 49 + .21 
50 1 if 62 + .22 
1.00 3 30 59 + 14 
4.00 1 10 1.92 -& .39 
16.00 1 10 2.58 —& .24 


collection of urine. In the experiments de- 
scribed so far, the phosphate was injected into 
the animals immediately after the administra- 
tion of the hormone, and the urine was col- 
lected in the 3 hours immediately following. 
The data from another experimental design 
are presented in Table IV. Animals were 
used 2 to 4 hours after operation. After the 
administration of phosphate, the urine was 
collected for 314 hours and discarded. Then 
the hormone or saline was administered and 
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the urine collected for 3 hours. In Table IV 
are listed the excretions of P** at various levels 
of parathyroid hormone treatment. 0.5 U.S.P. 
unit was the minimum effective dose. A 
straight line relationship was found to hold 
over the range of 0.25 to 16 U.S.P. units. The 
P*? excretion values are lower and the slope 
is less steep than that observed when the same 
amount of phosphate (1.2 mg) was adminis- 
tered, simultaneously with the hormone, to 
animals operated 24 hours previously. 

Discussion. Excretion of P®* by thyropara- 
thyroidectomized rats furnishes a sensitive 
indicator for parathyroid activity. In spite of © 
the high variation in the P*? excretion of un- 
treated animals, 0.5 U.S.P. unit caused a sig- 
nificant increase in P®? excretion as compared 
to solvent-treated controls. The most sensi- 
tive method in the literature (Tepperman 
et al.(4)) requires 12.5 U.S.P. units for 
a minimum significant effect on the blood 
phosphate level in the rat. Another advan- 
tage of the method described is its compara- 
tive ease. 

The slope is steeper for the log dose-re- 
sponse curve obtained with the technic in 
which animals were used 24 hours after 
operation and hormone and 1.2 mg of di- 
sodium phosphate were administered simul- 
taneously than for the technic in which 3%4 
hours elapsed between phosphate and hormone 
injection. 

Summary. There is an increase in excretion 
of administered P*? by thyroparathyroidecto- 
mized male rats under the influence of para- 
thyroid hormone. Amounts as small as 0.5 
U.S.P. unit may be detected, an increase in 
sensitivity of 25 times over the method of 
Tepperman et al.(4), and of 200 times over 
the standard U.S.P. assay method. In addi- 
tion, there are no tedious chemical determina- 
tions of blood phosphate levels to be done. 
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Excretion of Cobalt®°-Labeled Vitamin B,2 after Total Gastrectomy.* 
(20315) 


MarIANn E. SWENDSEID, JAMES A. HALSTED, AND RAYMOND L. Lipsy. 


From the Veterans Administration Center, and the Departments of Medicine and Radiology, 
University of California Medical Center, Los Angeles. 


The development of a macrocytic anemia 
in persons without gastric tissue has been 
attributed to removal of a source of Castle’s 
intrinsic factor(1,2). There is now evi- 
dence, from studies in patients with pernicious 
anemia, that the role of intrinsic factor is to 
potentiate the hemopoietic activity of orally 
administered vit. B}2(3,4). More specifically, 
Heinle and coworkers found that Co®%- 
labeled vit. B}2 was not absorbed when ad- 
ministered orally to patients with pernicious 
anemia unless a source of intrinsic factor was 
given simultaneously(5). It therefore seemed 
pertinent to study the absorption of vit. By». 
in a series of totally gastrectomized subjects 
and to observe the possible effect of simul- 
taneous administration of intrinsic factor as 
present in gastric juice. 


Clinical material and methods. Four ‘pa- 
tients who had been subjected to a total 
gastrectomy for carcinoma of the stomach 
were studied. In each instance from 0.5 to 
1 cm of the distal esophagus and from 2.5 to 
5 cm of proximal duodenum were removed 
along with the entire stomach. The spleen 
was removed in all cases, and from one-third 
to one-half of the pancreas (tail and body) 
in cases 1, 2, and 4. A jejunal transplant to 
act as a “substitute stomach” or holding 
reservoir was inserted between esophagus and 
duodenum in these 3 cases. No metastases 
were found at operation except one positive 
regional node in Case 1, and there was no 
clinical evidence of metastatic carcinoma in 
any of the cases at the time of this study. 
Other relevant data in each case include the 
following: Case 1. M.E., a male, aged 57, had 
a total gastrectomy 3 months ago. There was 
no anemia either before operation or at the 
time of study. He has had no injections of 
vit. Bis or liver extract. Sternal biopsy 


* This study was supported in part by a grant 
from Parke, Davis and Co., Detroit, Mich. 


showed a normoblastic marrow. Weight be- 
fore operation was 121 lb and at present is 
106 Ib. He feels entirely well and eats a full 
diet without digestive complaints, but has 


large, greasy stools 2-3 times daily. Case 2. 


F.P., a male, aged 60, had a total gastrectomy 
10 months ago. He had no anemia before 
operation but a mild anemia was detected 3 
months before this study. (R.B.C. was 3.4 
mil. per cmm; Hgb, 12.6 g per 100 ml). The 
bone marrow was normoblastic. Vit. By in-» 
jections resulted in improved appetite and 
strength and a 5 lb gain in weight. He 
weighed 135 lb before operation and weighs 
120 lb at present. He has an excellent ap- 
petite without digestive complaints, but the 
stools (1-2 daily) are large and greasy. 
Case 3. G.S., a male, aged 43, had a total 
gastrectomy 6 years ago. There has been no 
anemia at any time and sternal marrow is 
normal. He received liver extract for 2 
months after operation, but none since and no 
vit. Bys. His weight before operation aver- 
aged 150 lb, but since then he has never 
weighed more than 120 lb. He has excellent 
appetite without digestive difficulties except 
for diarrhea for a day or 2 about once a week. 
Case 4. W.V., male aged 32, had a total 
gastrectomy 9 months ago. There has been 
no anemia at any time, and he has had no 
injections of vit. By» or liver extract. He feels ° 
entirely well and is without digestive com- 
plaints. He has 1-2 formed stools daily, 
which are fatty, and he has maintained his 
normal weight of 145 lb. 0.5 y doses of the 
Co®%-labeled vit. Bj2t containing 0.046 pc of 
radioactivity, were administered orally to the 
subjects in 2 or more successive tests, either 
alone or with added neutralized gastric juice 
from normal or duodenal ulcer patients. All 
stools were collected daily for a period of 4 


+ We are indebted to Dr. Charles Rosenblum of 
Merck and Co. for generous supplies of this material. 
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TABLE I. Fecal Excretion of Co® Following Oral 
Administration of Radioactive Vit. B,. to Persons 
with a Total Gastrectomy; 4 Cases. 


— % Co® excreted 


Dose Test 1 Test 2 
5 ug Bro : 108 96 
-) wg By + 50 ml gastric juice 12 NE 
5 ug Bro 96 94 
-D ug By + 100 ml gastric juice 6 — 
5 wg Br 86 89 
-) ug By + 50 ml gastric juice 64* 18 
5 ug Bis ; 98 =. 


* Patient became ill with diarrhea on day follow- 
ing test dose. 


days after administration of the test sub- 
stances. Each day’s stools were kept separate, 
dried on the steam bath and ashed in a muffle 
furnace. The ash was transferred to an oint- 
ment tin, made up to a constant weight of 
25 g, and measured for gamma radioactivity 
in a scintillation counter(6). The amounts 
found in each day’s stool were cumulated to 
determine the total excretion of Co®. 


Results. The test method developed by 
Heinle and his associates(5) for measurement 
of vit. By. absorption was found to be emi- 
nently satisfactory as used under the condi- 
tions described above. Confirmation of their 
results in pernicious anemia has been obtained 
by us. In 3 such patients, all of whom were in 
hematologic remission, from 89 to 100% of 
the administered radioactivity was recovered 
in the stool samples. Control individuals ex- 
creted approximately 25% with variations in 
some subjects depending on whether the vita- 
min was given at meal time or between meals. 

Data on 4 persons with a total gastrectomy 
receiving radioactive vit. By. are recorded in 
Table I. In all cases, from 86 to 100% of the 
administered radioactivity was excreted in the 
stool samples, indicating a condition of negli- 
gible absorption of vit. By.. This non- 
absorption occurred whether the vitamin was 
given with meals as in Cases 2 and 3, or be- 
tween meals in the inter-digestive phase, as in 
Cases 1 and 4. When gastric juice was ad- 
ministered with vit. Bio, the excretion of radio- 
active Co®° dropped to levels similar to those 
obtained in control individuals, except in one 
instance where the patient was ill. 

Discussion. The above experiments indi- 


220. 


cate that patients who have had a total 
gastrectomy do not absorb orally administered 
vit. Bis and therefore cannot depend on 
dietary sources to supply their metabolic re- 
quirement for this vitamin. Each of the pa- 
tients studied apparently had steatorrhea and 
in 3 cases there was inability to regain normal 
weight despite adequate caloric intake. These 
facts suggest a general defect in intestinal 
absorption. However, such an explanation for 
the non-absorption of vit. By. does not appear 
to be tenable since absorption of the vitamin 
did occur when gastric juice was given simul-_ 
taneously. This observation, when consid- 
ered in conjunction with the experiments of 
Heinle e¢ al.(5) in pernicious anemia patients, 
indicates that patients with a total gastrec- 
tomy do not absorb vit. B,2 because of a lack 
of intrinsic factor. It adds evidence to the 
original observations of Castle(7) that the 
gastric mucosa is the principal source of in- 
trinsic factor, although other interpretations 
are possible. 


Reports in the literature show that a macro-~ 
cytic anemia can develop in patients after a 
total gastrectomy but that this is not the in- 
variable result, even after long periods of time 
(8-10). Since it has been the consistent finding 
of the present study that vit. By. is not ab- 
sorbed in such patients it would appear, as. 
Ungley(2) has suggested, that other factors 
besides deprivation of dietary vit. By. may 
operate in the production of the anemia when 
it does occur. 


Summary. Co®-labeled vit. Bi2 was ad- 
ministered orally in 0.5 y doses to 4 
patients who had had a total gastrectomy. 
Each patient excreted in the stools essentially 
all of the administered radioactivitv. When 
gastric juice was given with the vitamin there: 
was a decrease in Co® excretion to levels: 
similar to those found in control subjects. 


We gratefully acknowledge the assistance of Mrs, 
Elizabeth Hvolboll, Miss Panchita B. Thomas, and’ 
Mr. Frank Cramer. 
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Urinary and Fecal Coproporphyrin Excretion in Rats: I. Results in 


Normals and Castrates.* 


(20316) 


F. W. Horrpauer, C. J. WATSON, AND SAMUEL SCHWARTZ. 


From the Department of Medicine, University of Minnesota School of Medicine, Minneapolis. 


An increase in the excretion of urinary 
coproporphyrin has been referred to fre- 
quently as a sensitive index of liver functional 
impairment(1). In view of the extensive 
employment of the white rat in laboratory 
‘studies of liver damage, an investigation of 
this animal’s excretion of coproporphyrin was 
conducted. As a preliminary step, it was 
necessary to determine the pattern of excre- 
tion in the normal well-fed animal. In the 
course of these investigations, normal male 
animals were observed to excrete more copro- 
porphyrin in the urine than did females. Ac- 
cordingly, the effects of castration and the 
influence of androgenic and estrogenic sub- 
‘stances were studied. Since coproporphyrin 
is excreted both in the urine (UCP) and the 
feces (FCP), simultaneous measurements of 
each were made in all experiments. 

Methods. In all the experiments, white rats 
of a uniform strain (Sprague-Dawley) were 
employed. The animals were fed a stock diet 
(Purina Fox-chow) ad libitum and had free 
access to water. The animals under study 
were housed in individual metal cages. In all 
experiments, 48 hour collections of urine and 
feces were made for the coproporphyrin 


* Supported in part under contracts from the 
Office of the Surgeon General, U. S. Army, under 
the sponsorship of the Commission on Liver Disease, 
Armed Forces Board, and the 
Atomic Energy Commission; and by a grant from 
the U.S.P.H.S.. 


Epidemiological 


analyses. During the collection periods, the 
rats were housed in individual cages suspended 
over large glass funnels (25 cm diameter). 
The associated all-glass unit used for separa- 
tion of urine and feces was essentially similar 
to that described originally by Gross and 
Connel(2). The successful separation of 
these two forms of excreta was deemed of 
utmost importance in a study that involved 
the separate determination of a pigment com- 
mon to both. The collections were inter- 
rupted for 60 minutes at the end of the first 
24 hours to permit feeding of the animal and 
to store the first day’s urine and fecal speci- 
mens. The sides of the: funnels were rinsed 
with 10 ml of water at the end of each 24- 
hour period. The washings, the urine and the 
feces were immediately refrigerated. No pre- 
servatives were employed. The test tubes 
that received the voided urine were painted 
black to prevent exposure of the contents 
to light. The urine and the washings were 
stored in brown bottles while in the refrig- 
erator. The urine and the washings for the 
48-hour period were pooled for analysis. Al- 
though average values are given in most of the 
data reported, individual analyses of the 48- 
hour urine and fecal collections of each rat 
were made. Plastic cages with glass rod bot- 
toms were used in the early experiments in 
order to avoid contact of the urine with metal. 
This was done to reduce the tendency to form 
metal coproporphyrin complexes. However, 
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TABLE I. Urinary and Fecal Coproporphyrin Excretion in Normal (Sprague-Dawley) Rats. 


Stock A Stock B 
Analysis Males © Females Males Females 
UCP No. 33 31 25 16 
Range 14-67 6-30 18-70 14-52 
Mean 40 + 16 445 47 +138 30 + 12 
FCP No. 32 31 13 16 
Range 11-91 12-102 16-52 17-45 
Mean 40 + 22 46 + 21 34+ 11 33 +9 
UCP/FCP No. . 32 30 12 16 
Range - 0.3-2.9 0.1-1.0 0.9—2.2 0.4-1.7 
Mean ~ IS se! Oi 0.4 + 0.2 1.7: = 0.4 1.0 + 0.4 


Urinary (UCP) and fecal (FCP) coproporphyrin values in »g/48 hr. 


when metal cages were later employed, it was 
noted that the only significant metal complex 
present was that of zinc, and this is completely 
split by the extraction procedure employed. 
The copper complex of coproporphyrin com- 
prised less than 5% of the total in those in- 
stances in which it was specifically sought. 
(Its concentration was determined by con- 
version of the non-fluorescing copper complex 
to free porphyrin by evaporation of the com- 
pletely extracted ethyl acetate to dryness and 
solution of the residue in concentrated sulfuric 
acid.) The estimation of the fecal copro- 
porphyrin was conducted according to the 
method of Schwartz and Zagaria(3). This 
method was slightly modified to permit its 
use in the analyses of the urine samples. 
During the analyses of both urine and feces, 
the initial 1.5 N HCl extracts were each di- 
luted to a concentration of 0.12 N HCl and 
extracted with chloroform to remove proto- 
porphyrin and deuteroporphyrin. The com- 
pleteness of the separation of the copropor- 
phyrin from these two porphyrins was checked 
by examining the red fluorescence of the 
chloroform washings under filtered near- 
ultraviolet lightt (405 mu). The copropor- 
phyrin was quantitated fluorimetrically(4). 
Coproporphyrin precursor was determined by 
comparing results obtained with and without 
an iodine wash(5). Estimation of the copro- 
porphyrin isomer distribution was performed 
on the pooled final extracts of urine and fecal 
specimens. Procedure B of the method de- 
scribed by Schwartz and coworkers(6) was 
employed. Studies to be reported in detail 


t+Model BL-2, Blacklight Products, Chicago. 


elsewhere have revealed that results obtained 
with this procedure are dependent to an ap- 
preciable extent on the purity of the distilled 
water used. Appropriate controls were there- 
fore analyzed to establish the slope of the 
calibration curve obtained under the condi- 
tions employed for the unknown samples. 
Even with these precautions, however, ac- 
curacy is reduced in mixtures containing over 
75% of type III isomer. Values in the range 
of 75-100% type III isomer are therefore re- 
ported here as having more than 75% type 
III. 

Results. I. Studies of normal rats. A. 
Total coproporphyrin excretion: The data for 
the urinary and fecal coproporphyrin excre- 
tion (UCP and FCP) in pg per 48 hours are 
summarized in Table I. The earlier studies 
employed rats obtained from a Minnesota 
laboratory (Stock A), while more recently the 
rats have been obtained from a Wisconsin 
laboratory (Stock B). As seen in Table I, 
male rats excreted significantly greater 
amounts of urinary coproporphyrin than did 
female rats from both stocks. Mean FCP 
values were approximately equal in the two 
sexes. The mean UCP/FCP ratios in the 
different groups ranged from 0.4 to 1.7, being 
significantly higher in the male rats. The 
reason for the differences observed between 
the two stocks (especially in the female UCP) 
is unknown. No significant correlation was 
found between weight and UCP excretion, 
though FCP excretion was reduced in young 
rats of both sexes. These data are summarized 
in Table II for rats of Stock A only, since the 
number and weight distribution of rats of 
Stock B is insufficient for a similar analysis. 
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TABLE II. Relationship of Weight to UCP and 
FCP Excretion in Normal Rats (Stock A). 


—_ UCP, = «»—— FC P—_, 
Avg Avg 

Sex Wt, g No. wg/48 hr No. yg/48 br 
3 57-105 «6 38 6 29 
195-246 13 38 13 45 
257-370 ~ 14 41 13 46 
4°) 74-115 5 14 7 31 
153-200 - 16 14 14 49 
219-250 10 13 10 51 


B. Excretion of individual coproporphyrin 
isomers (I and III): Previous reports of nor- 
mal rats urinary coproporphyrin have indi- 
cated that it consists predominantly of the 
type III isomer(7,8). In the present study a 
pooled 5-day collection of urine from 5 normal 
adult male rats contained a total of 282 yg 
of coproporphyrin. Isomer analyses of this 
porphyrin revealed that more than 75% was 
type III. This was confirmed by the isolation 
of the tetramethyl ester, yielding typical 
rosettes with a melting point of 138-142°C. 
The pooled feces of the same rats contained 
186 ug of coproporphyrin, over 75% of which 
was shown to be the type III isomer. Again 
typical rosettes of coproporphyrin III methyl 
ester were isolated. Similar results were ob- 
tained from the pooled feces of 2 adult female 
rats. 


C. Excretion of urinary coproporphyrin 


precursor: In several dozen analyses, no sig- 
nificant amounts of urinary coproporphyrin 
precursor(5) were found in urine collected in 
the usual way except in 2 instances, where 6 
and 20% of the total porphyrin was in pre- 
cursor form at the time of analysis. How- 
ever, by collecting the urine in tubes im- 
mersed in dry ice to freeze the urine instantly, 
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coproporphyrin precursor accounted for an 
average of 33% of the total in 6 female rats 
and of 24% in 6 male rats. These values are 
within the range of those found in human 
urine collected similarly(5). 

D. Excretion of other porphyrins: Exam- 
ination of both urine and feces has repeatedly 
demonstrated the presence of small amounts 
of an ether-insoluble, uro-type porphyrin. It 
has not yet been crystallized for more precise 
identification. No protoporphyrin or other 
chloroform-soluble porphyrins could be dem- 
onstrated in several hundred ml of pooled 
urine from both male and female rats. Trace 
amounts may, however, be found in the pres- 
ence of very slight fecal contamination. 

E. Relationship of urine volume to copro- 
porphyrin excretion: The relationship of 
urine volume to the UCP was investigated by 
inducing a diuresis in rats in which UCP and 
FCP values had been previously determined. 
0.8% saline solution was substituted for 
drinking water for one week; urine and fecal 
coproporphyrin analyses were then repeated. 
The results are presented in Table III. Al- 
though the urine volumes increased, the values 
for the UCP increased but very little. The 
reason for the drop in FCP during saline di- 
uresis is uncertain. 

IT. Studies of castrated rats. Since the 
normal male rat exhibited an average UCP 
value nearly twice that of the normal female, 
the effect of castration was investigated. Con- 
trol values were obtained in 10 rats; the ani- 
mals were then castrated. In the 39 days 
that followed, 3 UCP-FCP determinations 
were made. The average UCP values rose 
slightly in both groups of animals. Beginning 
on the 60th day, the 4 male castrated rats re- 


TABLE III. Effect of Saline Diuresis on Urinary and Fecal Coproporphyrin Exeretion in 
Normal Rats. 


Urine vol, UCP, Feces wt, IN O12 Drinking 
No. rats Body wt, g ml1/48 hr we/48 hr g/48 hr wg /48 br fluid 
og Range 250-295 9-46 33-67 3-23 30-69 Water 
Avg 270 20.5 49 7.6 49 
Range 43-150 34-64 6-18 11-49 .8% saline 
Avg 78 53 8.6 32 
6 Q Range 190-207 9-25 6-22 2-11 43-79 Water 
Avg 15.7 11 5.9 64 
Range 10-78 11-16 4-95, 29-50 8% saline 
Avg 42 14 6.0 35 
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FIG. 1. Effect of castration and administration of estrogen or androgen on excretion of urinary 
and fecal coproporphyrin in rats. 


ceived a series of intramuscular injections of 
100 I.U. of an estrogen (Theelin). The 6 
female castrates received intramuscular injec- 
tions of an androgen (0.1 mg _ testosterone 
propionate). By the 106th day, 17 injections 
had been given. At that time the UCP values 
for the males had decreased from an average 
control value of 44 ug to 20 pg per 48 hours. 
The female rats showed an average increase of 
the UCP from 17 pg to 51 wg per 48 hours. 
The FCP values in both groups remained 
fairly constant. The results are shown in 
Bigs: 

Discussion. The normal well-fed rat ex- 
cretes a relatively large amount of copropor- 
phyrin in the urine, average per diem UCP 
values being comparable to those seen in nor- 
mal rabbits. The values in normal human 
adult males, determined by a slightly modified 
method, average only about 8 times as much, 
or approximately 160 pg per day(4,9). 
Though the type I isomer has been shown to 
be preponderant in human urine(10), the type 
III isomer predominates in both urine and 
feces of rats. In this respect, too, the rat is 
comparable to the rabbit(3). 

The variation of the UCP values in the 2 
sexes was not anticipated. So far as is known, 
this difference had not been reported pre- 
viously, although recent observations in hu- 
mans, in this laboratory, have indicated sig- 
nificantly lower values in females(9). The 


significant alteration of the UCP value by 
castration and estrogen or androgen injections 
in the present study indicates that observed 
sex differences are not merely chance observa- 
tions in the group of animals studied. The 
mechanism or the site of action of estrogen or 
androgen in this particular respect is unknown. 
A primary effect upon the liver would appear 
to be most likely, since the excretory pattern 
of coproporphyrin is related to liver functions 
(11,12) and since the above agents are 
known to influence some hepatic functions 
under certain conditions. 

Conclusions. 1. Excretion of copropor- 
phyrin in the urine and feces of normal rats 
has been measured in 2 stocks of Sprague- 
Dawley rats. Collections periods of 48 hours 
were made. Male rats of these 2 stocks ex- 
creted an average of 40 + 16 and 47 + 13 
wg of urinary coproporphyrin per 48 hours, 
respectively, while the female rats excreted an 
average of only 14 + 5 and 30 + 12 ug of 
urinary coproporphyrin per 48 hours, respec- 
tively. There was no significant correlation 
between body weight and urinary copropor- 
phyrin excretion. No significant sex difference 
was found in the fecal excretion of copropor- 
phyrin; mean values in the various groups 
ranged from 33 + 9 to 46 + 21 yg per 48 
hours. Reduced values were found in both 
male and female rats weighing less than 115 
g. In both males and females, over 75% of 
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the urinary and fecal coproporphyrin was type 
III isomer. 2. The administration of androgen 
to female castrate rats increased the excretion 
of coproporphyrin in the urine. The adminis- 
tration of estrogen to male castrate rats caused 
a decrease in the amount of coproporphyrin 
in the urine. 3. A diuresis, induced by sub- 
stituting saline for drinking water, did not 
increase the urinary excretion of copropor- 
phyrin. 4. Trace amounts of uro-type por- 
phyrins are excreted normally in rat urine and 
feces. Protoporphyrin is excreted only in the 
feces. 


The authors gratefully acknowledge the valuable 
assistance of Miss Bernadine Wittenburg and Mr. 
Michael Keprios in this study. 
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In man an increased excretion of urinary 
coproporphyrin is commonly associated with 
liver functional impairment(1,2). A study of 
this phenomenon in the rat was undertaken 
because of the extensive use of this animal in 
experimental investigations of liver injury. 
The study was designed to determine the cor- 
relation between the degree of copropor- 
phyrinuria and the severity of hepatic dam- 
age. In a previous study of experimental 
nutritional liver injury (dietary necrosis), the 
failure to observe increased urinary copro- 
porphyrin was ascribed tentatively to the 
acuity of onset of the fatal hepatic lesion(3). 
Therefore, in the present study other types 
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of acute and chronic but non-fatal forms of 
liver injury were investigated. These included 
hepatic damage induced by choline deficiency, 
and chemical injury induced by carbon tetra- 
chloride vapor or by ingestion of thioaceta- 
mide. The effect of lead and of Rose Bengal 
plus light, known to increase urinary copro- 
porphyrin excretion in some species, was also: 
studied in a small group of normal rats. The 
fecal excretion of coproporphyrin was deter- 
mined in all rats to see if an increase in the 
urinary/fecal ratio of this porphyrin might be: 
a more sensitive index of liver injury than the 
urinary value alone. 


Methods. The methods for urinary and 
fecal collections as well as the procedures em- 
ployed for the estimation of porphyrins have: 
been described in a previous report(4). All 
animals were housed in individual cages: 
throughout the course of the experiments, AIL 
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TABLE I. Urinary and Fecal Coproporphyrin Excretion in Rats Maintained on a Choline 
Deficient Diet. 4 groups. 
Rats — Day of experiment a 
studied Analysis 4. 19 26-32 41 54-70 82-84 113 134-171 195 205 219 
34 UCP ene DY ane Gus 23 26 
FCP 6 4 3 6 3 2 
Body wt, g 50 54 58 64 70 78 
29 UCP te Ra0 me 20 21 
FOP Cas 6 
Body wt, g joi 760% © 61 60 
2h ts UCP 15 36 22 26 20 11 38 13 19 
FCP 10 8 8 8 fi if 14 8 9 
Body wt,g 157 153 152 172 I GGif L635 442533 
49 UOP 6 16 13 12 20 Lee SO Mr eu 17+ 
FOP 16 8 11 6 10 10* ove ot ot 
Body wt,g 128 125 124 140 143 123* 110* 106t 98t 
Avg ratio UCP/FOP #9 “——1.7-—~. 4.0“ — 4.6 —-— 


Urinary (UCP) and fecal (FCP) coproporphyrin values in wg/48 hr. Avg values listed, 
although separate analyses were performed on the exereta of each rat. 


* Observations on 3 rats. 


+ Observations on 2 rats. 


Survival periods: Group 1—170, 184 and 198 days; Group 2—103 and 137 days; Group 3— 
222 and 246 days; Group 4—164, 198, 222 and 241 days. 


animals received weighed amounts of the 
special diets employed; water was allowed 
ad libitum. 

Diets employed. 1) The choline-deficient 
diet described by Gyorgy and Goldblatt as 
LVI({5) was employed. This diet contains 
8% casein. Each rat received a 10 g allow- 
ance daily, with a daily supplement of 1 ml 
of a vit. B solution containing 20 pg of thia- 
min chloride, 100 yg of calcium pantothenate, 
20 wg of pyridoxine, and 25 yg of riboflavin. 
2) The normal diet consisted of Purina Fox- 
Chow. This was fed ad libitum. 3) The thio- 
acetamide was added to finely-ground com- 
mercial food (Purina Fox-Chow) at a level 
of 0.05%. Each animal received 10 g of the 
diet mixture per day. Carbon tetrachloride 
exposure. Individual rats were placed in a 
large laboratory desiccator through which air 
containing approximately 50 p.p.m. of CCl, 
vapor was circulated at a rate of 3 liters per 
minute.. In normal rats, a one-hour exposure 
produced a state of intoxication and, generally, 
a temporary hind quarter paralysis. 

Results. 1. Choline-deficient diet. Rats 
maintained on choline-deficient diets develop 
an intense fatty infiltration of the liver. If 
this nutritional deficiency is long continued, a 
diffuse fibrosis and cirrhosis develops, as has 
been shown by many investigators. 

Table I presents data for a group of 11 rats 


maintained on such a diet. The animals suc- 
cumbed to the effects of the dietary deficiency 
at various intervals from 103 to 241 days. At 
autopsy all showed extensive fatty infiltration 
of the liver and varying degrees of fibrosis 
(cirrhosis). As noted in Table I, growth was 
markedly retarded. The weights of the 48- 
hour fecal samples and the volumes of the 
urine samples for this period were below those 
of well-fed normal rats. They were adequate, 
however, for the coproporphyrin analyses. It 
will be noted that the values of the FCP were 
consistently low throughout the entire experi- 
ment. The UCP values in the male rats were 
also low. Although there was a tendency to- 
ward a slight increase as the experiment pro- 
gressed, the levels did not reach those shown 
by normal healthy rats. The females, es- 
pecially those that survived longer, showed 
but slightly increased UCP values. In 90 
control rats(4), an average urine/feces copro- 
porphyrin ratio of 1.0 was found, average 
values being higher in male than in female 
animals. In the present study, determinations 
were not made prior to the institution of the 
choline-deficient diet. However, 23 analyses 
through the 32nd day showed an average 
UCP/FCP ratio of 1.7. From days 41-70 the 
average ratio in 16 analyses rose to 4.0, while 
the final 33 analyses from days 82-219 showed 
an average ratio of 4.6. 
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TABLE II. Influence of Choline Deficient Diets on Coproporphyrin Excretion in Rats Receiving Alco- 
hol or Water as Drinking Fluid. 4 groups. 


a a a er ee ee ee ee ee ee ee 
oo aoe oo 


Rats 1 
studied Fluid intake 


189 226 234 261 
—Normal diet— .——————__ 


Danyis at Ger Sar GO fe C5) 
274 294-301 334-351 368-381 
Choline-deficient diet — 


Days after start of 
low choline diet 

UCP 

FCP 

Body wt, g 

UCP 

FCP 

Body wt, g 


426 Water 
90 
#2 10% aleohol 
80 
Water 


bo 
+0 


Body wt, g 101 


# 10% alcohol UCP 
FCP 
Body wt, g 


Avg ratio UCP/FOP 


75 


6 
35 


193 


—— 0:6 ——_ 


8 35 48 68-75 108-125 142-155 
43 21 28 on * 88t 
66 17 14 10 10 
335 263 208 197 207 
21 33 47 27 374. 
33 9 14 13 12 
264 253 219 210 180 
7 29 47 33t 38t 
41 20 16 9 aI 
237 198 182 161 161 
YAS}. = KG) 31 31 
2A eS 11 15 
189 iio 186 170 


Urinary (UCP) and fecal (FCP) coproporphyrin values in yg/48 hr. 


* Avg values for 3 rats. 


+ Values for 1 rat. 


Survival periods after start of low choline diet: 
138, 150, 189 days; Group 3—120, 185 days; Group 4—150, 150+ days. 


t¢ Avg values for 2 rats. 
Group 1—84, 136, 193, 189 days; Group 2—108, 


TABLE ITI. Coproporphyrin Excretion in Rats with Acute Liver Damage Due to Carbon 


Tetrachloride. 
Values after exposure to 
carbon tetrachloride 
Control vapor, wg/48 hr 
Rats values 0-48 hr 96-144 hr 
studied Avg wt, g Analysis pg /48 hr period period 
24 52 UCP 33 45 24 ave 
ECP 51 19 31 
29 103 UCP 14 20 lal 
FCP 47 12 24 
Bias 250 UCP 48 83 
FCP 38 19 
3 9 187 UCP 13 24 15* 
FCP 34 — 26* 
Avg ratio UCP/HCP a7 


3.0 -6 


* Avg values for 2 rats only. 


2. Choline-deficient diet plus alcohol. In 
an attempt to study the influence of alcohol 
on the UCP and FCP excretion, a group of 
6 normal rats was given 10% alcohol in place 
of water as a drinking fluid. They appeared 
to tolerate this well and gained in weight 
while on an unrestricted normal diet (Table 
II). After 189 days and 226 days, UCP and 
FCP determinations were made. The values 
of the alcohol-treated male rats were some- 
what lower than in those receiving water at 
this time. On the 226th day, all the animals 


were started on a low-choline diet. All ani- 
mals lost weight. The FCP values were re- 
duced just as in the first series of animals on 
this deficient diet, as above described. The 
UCP values rose somewhat as the experiment, 
progressed, but again the levels were not 
striking and only occasionally exceeded those 
encountered in normal animals. The com- 
bined effect of alcohol and a deficient diet did 
not increase the UCP. Alcohol did not in- 
crease the degree of fibrosis or the severity of 
the cirrhosis in these animals as judged by 
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: TABLE IV. 
Coproporphyrin Excretion in Rats Maintained on a Normal Diet Plus Thioacetamide. 


Values after exp. diet 


Rats Control (.05% thioacetamide ) Survival 
studied Analysis values 35thday 77th day period, days 
36 UCP 56 53 58* 42,74, 98 
FOP 32 as} Oe 
Body wt, g 282 229 206 

259 UCP 14 33 36* 46,77 
TOI 28 13 ial 
Body wt, g 197 165 145 

3 Q UCP 14 28 Byes 35, 85 
FCP 25 6 20* 
Body wt, g 86 81 84 

ig UCP 62 36 37 78 
FCP 26 10 16 
Body wt, g 115 118 133 

Avg ratio UCP/FCP 1.2 4.2 3.3 


Urinary (UCP) and fecal (FOP) Coproporphyrin values in »g/48 hr. 


* Values for single rat. 


the gross and microscopic appearance of the 
livers. Again the ratio of urinary to fecal 
coproporphyrin rose significantly on the 
choline-deficient diet from an average control 
level of 0.5 to 2.5 from days 274-301 and to 
4.1 from days 334-381. 

3. Carbon tetrachloride exposure. Ten rats 
were exposed to carbon tetrachloride vapor for 
one hour. The UCP and FCP excretion were 
determined before and at 0-48 and 96-144 
hours after the exposure. The data shown in 
Table III summarize the average values for 
both small and large male and female rats. 
The period of exposure was sufficient to pro- 
duce a severe but usually non-fatal form of 
acute liver damage. In previous studies, 
similar groups of rats have been sacrificed at 
intervals after this one-hour exposure. At 24 
hours, such animals show a central form of 
cellular necrosis; approximately 50% of the 
cells of a given lobule appear necrotic. At 72 
hours, recovery is well underway. If no fur- 
ther exposure is given, complete restitution 
occurs in 7 to 10 days and little evidence of 
the previous necrosis remains. The results of 
the present experiment indicate a moderate 
increase in the UCP values and a decrease in 
the FCP values during the first 48 hours, with 
a return toward normal in the third 48-hour 
period. The UCP/FCP ratio was consider- 
ably increased during the first 48-hour period. 
Unfortunately, laparotomies performed on the 


3 adult male rats to permit liver biopsy, 
proved fatal. Thus the opportunity to collect 
urine and feces in this group during the 96-144 
hour period was lost. 

4. Thioacetamide. The effect of 0.05% 
thioacetamide in the diet was studied in 9 rats. 
This agent produces a severe form of chronic 
liver injury characterized by cellular necrosis, 
nodular regeneration, and cirrhosis(6-8). The 
rats succumbed at various intervals of from 
35 to 98 days. Determinations of the UCP 
and FCP were made on the 35th and 77th 
days. The data are shown in Table IV. De- 
spite the presence of severe liver injury, the 
only increases noted in the UCP values oc- 
curred in the females, and these were no 
greater than sometimes found in healthy nor- 
mal female rats. Largely because of the drop 
in FCP values, the ratio of UCP/FCP showed 
a 3- to 4-fold increase. The failure of rats 
with various forms of acute and chronic liver 
damage to exhibit significant increases in 
coproporphyrin excretion prompted a_ study 
of the effects of other toxic agents in this 
species. 

5. Rose Bengal plus light. Pimenta de Mello 
reported that Rose Bengal plus light expos- 
ure in rabbits resulted in a rapid and marked 
increase in the urinary excretion of copropor- 
phyrin(9). This experiment was therefore 
repeated in rats. The exposure of a shaved 
area of the rat’s back to unfiltered light from 
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TABLE V. Coproporphyrin Excretion in Rats Injected with Rose Bengal and Hxposed to 
Ultraviolet Light. 
—————————————————— 

Observations at 48 hr 


0-48 hr ; : 
Control period after Hematocrit, Biopsy 
Rat No. Sex Wt, g ‘Analysis period treatment* % of liver 
B 37 A 270 UCP 14 23 40.6 Normal 
FCP 32 31 
39 g 250 UCP 24 12 43 * 
FCP 33 13 
40 Q 190 UCP 12 19 43.7 % 
FCP 14 19 
41 Q 145 UCP 16 20 40 % 
FCP 14 35 
42 Q 196 UCP 10 19 — ze 
FOP alii, 19 
Avg ratio UCP/FCP 75 85 


Urinary (UCP) and fecal (FCP) coproporphyrin values in yg/48 hr. hehe p 
* Exposure to unfiltered light from AH-4 mercury lamp: 10 min. at distance 12 in. to 2” X 


2” shaved area on back on animal. 


TABLE VI. Coproporphyrin Excretion in Rats Following Lead Intoxication. 


Values after lead inj., 


Control ug/48 hr 
No. of Route of values, 4th to 8th to 
rats Sex administration Analysis pg /48 hr 6thday 10th day 
2 as Intraper.* UCP 17 207 
FCP 26 25 
2 Q a4 a UCP 16 66 
ECP 18 30 
6 a Intrav.t UCP 53 150 
FCP 43 18 
6 Q ees UCP 23 7 
FCP 40 14 
Avg ratio UCP/FCP 0.86 6.4 


* 10 mg lead acetate/100 g body wt. 
+ 9 2? ” 9 ” 2? ” . 


an AH-4 mercury lamp immediately followed 
the intravenous injection of Rose Bengal in a 
dose of 10 mg per 100 g body weight. Re- 
sults obtained in 5 animals are summarized in 
Table V. As noted, no appreciable increase 
was found in the excretion of UCP or FCP, 
or in their ratio. It is noteworthy, too, that 
unlike Pimenta de Mello’s rabbits, these rats 
showed no evidence of a significant hemolytic 
reaction. No pathological changes were noted 
in their livers at the end of a 48-hour period. 

6. Lead. Lead acetate was administered to 
rats both by intravenous and intraperitoneal 
routes. The data obtained are presented in 
Table VI. The intraperitoneal administration 
produced a severe chemical peritonitis. The 


liver was covered by a heavy exudate; despite 
this, the parenchymal cells appeared normal 
on histologic examination. The intravenous 
injection of 0.4 or 0.5 ml of a 1% solution of 
the lead salt was well tolerated by 6 male and 
6 female rats. In 2 additional animals simi- 
larly treated an hepatic lobectomy and a 
unilateral nephrectomy was performed at 24 
hours and the animals were sacrificed at the 
end of 72 hours. A study of the liver sec- 
tions revealed a minimal degree of fatty in- 
filtration at 24 hours; this had disappeared 
at 72 hours. The kidneys appeared normal 
on microscopic examination. As noted in 
Table VI, all animals responded by a marked 
increase in the UCP. The values for the FCP 
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remained within the normal range. 

Discussion. Despite the production of his- 
tologically demonstrable hepatic lesions, it is 
evident that choline deficiency, carbon tetra- 
chloride, and thioacetamide produced little if 
any increase in the urinary excretion of copro- 
porphyrin in the rats studied. This is quite 
unlike results observed in humans with various 
types of liver disease(1,2). These rats did, 
however, show significant increases in the 
average ratios of urinary to fecal copropor- 
phyrin excretion, though a considerable 
amount of individual variation in values was 
observed. This observation tends to confirm 
the suggestion(10,11) that elevation of this 
ratio may be of greater significance in liver 
disease than is either the urinary copropor- 
phyrin or fecal coproporphyrin value alone. 
Further confirmation of this is offered in 
paper III of this series(12). 


As regards theeffect of lead poisoning, at 
least, it seems that the porphyrin excretion of 
the rat is similar to that of other species stud- 
ied. On the other hand, the response of the 
rat to Rose Bengal and light is quite unlike 
that reported for the rabbit. 


No attempt has been made to investigate 
the effect of hepatotoxic agents on the excre- 
tion of uroporphyrin in rats since the studies 
reported here were completed before the dem- 
onstration that uro-type porphyrins are nor- 
mally found in rat excreta(4). 


Summary and conclusions. 1. Despite the 
presence of severe liver involvement, no con- 
-sistently significant increases were noted in 
the excretion of urinary or fecal copropor- 
phyrin in rats fed a. choline-deficient diet or 
thioacetamide. Average 3- to 4-fold increases, 
however, were observed in the ratio of urinary 
to fecal coproporphyrin. 2. Essentially simi- 
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lar results were obtained in choline-deficient 
rats maintained on either alcohol or water as 
drinking fluid. 3. Transitory increases were 
found in the urinary coproporphyrin and the 
urinary/fecal coproporphyrin ratio following 
acute exposure to carbon tetrachloride vapor. 
4. The combination of Rose Bengal and ultra- 
violet irradiation failed to produce any in- 
crease in urinary porphyrin excretion in rats. 
5. The injection of lead in rats produced a 
striking increase in the excretion of urinary 
coproporphyrin. 


The authors gratefully acknowledge the valuable , 
assistance of Miss Bernadine Wittenburg and Mr. 
Michael Keprios in this study. 
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Previous papers have dealt with the urinary 
(UCP) and fecal (FCP) excretion of copro- 
porphyrin in normal rats(1) and in rats sub- 
jected to various forms of nutritional and 
chemical liver injury(2). The latter group 
included especially rats on a choline-deficient 
diet and those treated with thioacetamide or 
with carbon tetrachloride vapor. Among 
these rats, only those treated with carbon 
tetrachloride showed even a moderate increase 
in coproporphyrinuria. All, however, showed 
considerable elevations of the ratio of urinary 
to fecal coproporphyrin. 

Since elevation of this ratio has been re- 
ported(3,4) to correlate better with liver 
dysfunction than does either value alone, 
studies were carried out to determine the rela- 
tionship between liver function and the path- 
way of excretion of intravenously administered 
coproporphyrin. The present report is con- 
cerned with an analysis of such studies in 
normal rats and in rats with experimentally 
induced liver damage. An attempt was also 
made to determine the pathway of excretion 
of injected coproporphyrin after ligation of 
the common bile duct and after the creation of 
an external biliary fistula. 

Methods. 1) Administration of Copropor- 
phyrin. The 48-hour UCP and FCP excre- 
tion were first determined. A solution contain- 
ing 250 to 500 wg of coproporphyrin isomer I 
or III was then injected into a foot vein, and 
the UCP and FCP determinations were re- 
peated during the following 48 hours. The 
coproporphyrin used was crystallized as the 
methyl ester, and saponified in a few ml of 
7.5 N hydrochloric acid. Following neutral- 
ization of the acid with sodium acetate, the 
porphyrin was extracted with ethyl acetate. 
The latter was washed repeatedly with water 


* Supported in part under contracts from the 
Office of the Surgeon General, U. S. Army, under 
sponsorship of the Commission on Liver Disease, 
Armed Forces Epidemiological Board, and from the 
Atomic Energy Commission. 


and vacuum distilled to dryness. The por- 
phyrin was dissolved either in a 0.16 M sodium 
carbonate solution or in a 5% sodium bicar- 
bonate solution just before its administration 
in a total volume of about 1.5 ml. 2) Produc- 
tion of liver damage. The procedures used for 
the production of liver damage by carbon 
tetrachloride and by a choline-deficient diet 
have been described previously(2). 3) Pro- 
duction of biliary obstruction and biliary 
fistulae. Obstruction of the common bile duct 
was performed by placing double ligatures of 
No. 5 silk as close to the hilus as possible in 
order to confine the resulting marked dilata- 
tion of the bile ducts to the intrahepatic por- 
tion of the system. Creation of an external 
biliary fistula was accomplished at laparotomy 
by inserting a plastic tube (internal diameter 
0.11 inch, external diameter 0.23 inch) 
into the common bile duct and securing it in 
place with silk sutures. The tubing was 
passed through the peritoneal cavity and by 
a subcutaneous route to the outside near the 
base of the skull. The tube was then passed 
through a small cork. A finger cot was 
fastened about the cork and formed a reser- 
voir to collect the bile. The finger cot was 
held in place on the animal’s back by means 
of a small plastic cover. Bile was aspirated 
from the sack, usually every 6 hours, to pre- 
vent any rise in pressure. Rats tolerate this 
procedure well and are free to move about in 
their cages. 4) Analytical methods. Methods 
employed have been described in a previous 
communication(1). 


Results. 1) Fate of injected coproporphyrin. 
When a solution of coproporphyrin (500 pg 
of isomer III in 1.5 ml of 5% sodium bicar- 
bonate) is injected intravenously into an anes- 
thetized normal animal, the bile duct very 
quickly exhibits an intense red fluorescence 
when viewed in ultraviolet light. The in- 
tensity and rapidity of the development of 
fluorescence is very similar to that seen after 
the intravenous injection of fluorescein. In 
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TABLE I. Porphyrin Excretion (yg/48 Hr) in Rats with Altered Biliary Outflow. 


No. of -—— Values ——_, 
rats Analyses Pre-op. Post-op. Procedures 
2 Urine Oe 36.6 23.1 External biliary fistula (plastic tube) ; 500 
Feces Cc 41.8 18.9 ug coproporphyrin III intrayv. 
iP 252.5 66.5 
Bile C 259.6 
2 Urine C 54.5 25.2 External biliary fistula (plastic tube); 500: 
Feces Cc 22.0) 162.3 ug coproporphyrin via stomach tube 
P 110.0 105.8 
Bile C 27.6 
Intestinal C ORT, 
content P 30.0 
1 Urine C 31.2 30.9 500 ug coproporphyrin III, intray. 
Feces Cc 32.0 302.4 
12 130.0 147.2 
Urine C 281.4 Ligated common bile duct; 500 wg copropor- 
Feces CG 16.2 phyrin III intrav. 
P 56.0 
it Urine C 41.6 43.4 Ligated common bile duct; (no copropor- 
Feces C 55.0 13.6 phyrin given) 
50.0 


- ie 220.0 


C= Oopror rb. —— Protos 


one such experiment, the bile was collected 
via a plastic tube inserted in the duct; the 
animal was kept in a state of anesthesia with 
ether. In 2 hours, 177 yg of coproporphyrin 
were recovered in the 2.1 ml of bile obtained. 
The concentration of coproporphyrin in the 
blood at the end of the 2-hour period was 
3.8 wg per ml. 

The changes in the urinary and fecal excre- 
tion of coproporphyrin and protoporphyrin in 
six male rats with various alterations of the 
bile duct system, are shown in Table I. These 
rats each weighed approximately 250 g. It is 
to be noted that when the bile was prevented 
from reaching the intestine, the coproporphy- 
rin of the feces decreased. Since the collec- 
tions were made in the immediate 48-hour 
postoperative period, the presence of some 
coproporphyrin is to be expected, because the 
first portion of the feces excreted represents 
material present in the intestinal tract at the 
time of surgery. When coproporphyrin is in- 
jected intravenously, the preferential route of 
excretion appears to be by way of the bile as 
judged by the recovery of the porphyrin in 
the bile in the case of an external biliary 
fistula or in the feces where the bile duct is 
patent. When the bile outflow is obstructed, 
the pigment appears in the urine. The absorp- 


tion of the material from the gastrointestinal 
tract seems to be minimal since oral adminis- 
tration did not result in an increase of por- 
phyrin in either the urine or bile. (Table 
I.) No more than trace amounts of proto- 
porphyrin were present in the bile and urine 
samples. 

2) Effect of acute carbon tetrachloride ex- 
posure. The excretory patterns of intraven- 
ously administered coproporphyrin I in 6 
normal male and 6 normal female rats are pre- 
sented in Table II. After the control values. 
for the UCP and FCP were obtained, each rat 
received 500 »g of coproporphyrin I intra- 
venously. This resulted in no appreciable in- 
crease in the UCP, while the FCP increased 
to a considerable extent. Approximately one- 
half of the injected coproporphyrin could be 
accounted for by the increase in the FCP. 

After the above determinations were made, 
the rats were exposed for one hour to carbon 
tetrachloride vapor. Twenty-four hours later, 
when liver damage was at its height, copro- 
porphyrin I was again administered. As 
shown in Table II the rat now exhibited an 
increase in the UCP equal to that of the FCP. 

A similar study, employing coproporphyrin 
III, was conducted in another group of rats. 
The results are shown in Table III. Prior to 
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TABLE II. Excretion of Injected Coproporphyrin 
I by Rats before and after Production of Liver 
Damage by Carbon Tetrachloride. 


Values after 500 
wg coproporphyrin 
WARY: 


No. of Before After 
rats Anal- Control liver liver 
studied ysis* values damage damage 
6 @ UCP Range 30-53 21- 54 68-372 

Avg 46 41 152 
FCP Range 23-40 144406 39-224 
Avg 32 306 152 
69 UCP Range 12-30 19- 40 38-273 
Avg 20 30 164 
FCP Range 19-64 204-379 110-236 
Avg 43 310 164 


* Urinary (UCP) and fecal (FCP) copropor- 
phyrin values in wg/48 hr. 


TABLE III. Excretion of Injected Coproporphyrin 
III by Rats before and after Production of Liver 
Damage by Carbon Tetrachloride. 


Values after 500 


pg coproporphyrin 
DAVE 
No. of Before After 
rats Anal- Control liver liver 
studied ysis* values damage damage 
56 UCP Range 31-54 27- 58 51- 87 
Avg 45 46 72 
FCP Range 16-64 318-480 133-252 
Avg 29 379 175 
69 UCP Range 11-22 15-18 42-184 
Avg 16 17 122 
FCP Range 5-42 215-530 21-208 
Avg 26 292 73 


* Urinary (UCP) and fecal (FCP) copropor- 
phyrin values in wg/48 hr. 


the production of liver damage, the intra- 
venous injection of 500 »g of coproporphyrin 
III again resulted in an increase of only the 
FCP. Twenty-four hours after carbon tetra- 
chloride exposure, when liver damage was 
maximal, the study was repeated. The UCP 
values then increased slightly in the male but 
to a considerable extent in most of the females. 
As in the case of the isomer I study, less than 
half of the injected material subsequently ap- 
peared in the urine or feces. 

3) Effect of chronic choline deficiency. The 
fate of injected coproporphyrin (isomer type 
III) was also studied in 6 female rats in which 
fatty liver and early cirrhosis existed. This 
form of liver damage was produced by main- 
taining the rats for 117 days on a choline- 
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deficient diet. Because of the animals’ failure 
to grow appreciably on such a diet, their aver- 
age body weight was only 90 g at the time of 
the experiment. Therefore, only 250 ug of 
the porphyrin was administered. As had been 
noted in previous studies(2), the control UCP 
and FCP values were low in these animals 
despite the presence of severe liver damage 
(Table IV). No appreciable increase in 
either the UCP or the FCP was observed 
after the injection of coproporphyrin despite 
the fact that two successive 48-hour collec- 
tions were made. 


4) Effect of post-hemorrhagic anemia. Be- 
cause rats on a choline-deficient diet exhibit 
anemia, it was felt that the disappearance 
of essentially all the injected coproporphyrin 
in the above-treated rats might in some way 
be associated with the anemia. Four rats 
were therefore bled after control data for the 
UCP and FCP were obtained. A copropor- 
phyrin excretion study after injection of 500 
ug of isonier type III was made at a time when 
the hemoglobin and erythrocyte counts were 
reduced and a mild reticulocytosis existed. 
As shown in Table V, results were similar to 
those observed in normal rats (Tables II and 
III); nearly half of the injected coproporphy- 
rin was excreted in the feces. 


Discussion. It would appear from these 
studies that about half of the intravenously 
administered coproporphyrin is excreted in 
the feces in normal rats, while essentially none 
is excreted in the urine. Since studies have 
shown a rapid increase of porphyrin in the 
bile of rats treated in this way, it seems certain 
that the injected porphyrin is excreted by the 
liver into the intestinal tract. The data pre- 


TABLE IV. Excretion of Injected Coproporphyrin 
III by Rats with Fatty Livers and Harly Cirrhosis 
(Choline Deficient Diet, 117 Days). 


Values after 


No. of PAVE: 

rats Anal- Control 1st 2nd 
studied ysis* values 48hr 48hr 
6 9 UCP Range 9-28 7-29 8-34 

Avg 16 19 20 
FCP Range 1-10 10-47 7-53 

Avg 6 22 39 
*Urinary (UCP) and fecal (FCP) copro- 


porphyrin values in wg/48 hr. 


ee oxen 


250 wg CP III, 
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TABLE V. Excretion of Injected Coproporphyrin III by Rats with Acute Post-Hemorrhagic 


Anemia. 
Values 
Control after 500 Hematological data 24 hr, after 
values yg CP III, bleeding (3 ml blood loss) 
before I.V., after Hb., 
Rat No. Sex Wt,g Analysis* bleeding bleeding g/100 ml RBC Retic., % 
D 33 2 130 UCP 44 26 8.6 4.2 xX 10° 3.0 
FCP 25 230 
34 fo} 120 UCP 42 20 9.4 3.86 X ” 3.8 
FCP 45 240 
37 é 130 UCP 61 88 10.2 418 xX” 3.4 
FCP 47 296 
38 é 130 UCP 70 Ud 10.4 3.62 x” 2.4 
FCP 34 180 


* Urinary (UCP) and fecal (FCP) coproporphyrin values in ypg/48 hr. 


sented suggest that the ability of the function- 
ally damaged liver to excrete coproporphyrin 
is impaired. This leads to reduced fecal values 
and to increased urinary excretion of the por- 
phyrin. 

The above findings and interpretation are 
consistent with the previous report of in- 
creased ratios of UCP/FCP excretion in rats 

with various forms of experimental liver dam- 
age(2), as well as with similar reports in hu- 
mans with liver disease(3,4). However, they 
leave several pertinent questions unanswered: 
1) What is the fate of that portion of the in- 
jected porphyrin (approximately 50 per cent) 
not accounted for in the excreta? 2) Why was 
a still larger fraction unaccounted for in the 
choline-deficient rats? 3) How can the pres- 
ence of marked coproporphyrinuria with 
normal fecal coproporphyrin values in lead 
poisoning(2) be harmonized with the concept 
of diversion by altered liver function? 4) 
Why do normal rabbits that are injected intra- 
venously with 500 to 1000 »g of coproporphy- 
rin show no subsequent increase in either 
urinary or fecal coproporphyrin values(5) ? 

These questions might perhaps be answered 
if we knew something of the further metabol- 
ism of coproporphyrin in the body, i.e., its 
possible position as a precursor in the syn- 
thesis of heme compounds. This possibility 
is being investigated by the administration of 
C14_labelled porphyrins. Another possibility 
which must be considered is that the copro- 
porphyrin occurring naturally in blood and 
tissues differs significantly from the injected 
material. Previous studies(6,1) have shown 


that approximately half of the freshly-passed 
urinary coproporphyrin is in the form of a 
non-fluorescing precursor which is converted 
to coproporphyrin by iodine, light, etc. It 
seems highly probable that the copropor- 
phyrin in the body is also present in the form 
of some such precursor. Furthermore, since 
porphyrins combine readily with proteins, it 
may be that the porphyrin-protein complex 
of the native porphyrin is different from that 
of the injected porphyrin. The excretion pat- 
tern of the two might therefore be different. 

Studies of experimental porphyria in rab- 
bits(7-9) as well as studies in humans(10,11) 
have indicated two major sources of the ex- 
creted porphyrin, namely the developing red 
cells of the bone marrow and the liver. These 
studies, as well as those of patients exhibiting 
increased blood regeneration, suggest that the 
source of the porphyrin has no primary rela- 
tionship to the excretory pattern observed. 
Thus, for example, the bone marrow is pri- 
marily involved in lead poisoning and erythro- 
poietic (congenital) porphyria. Nevertheless, 
in the former condition coproporphyrin is ex- 
creted almost entirely in the urine, while in 
the latter, it appears chiefly in the feces. 

The absence of increased urinary porphyrin 
excretion following the “oral” administration 
of coproporphyrin is in agreement with similar 
observations by Larson and Watson in human 
subjects(12). In view of the fecal recovery 
of only half of the administered material, 
however, the intestinal absorption of copropor- 
phyrin is still possible. The use of C’*-label- 
led porphyrin in such an experiment should 
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yield decisive information in this regard. 

Summary and conclusions. 1. Studies have 
been made of the urinary and fecal excretion 
of coproporphyrins I and III administered 
intravenously to rats. In the normal animal, 
no increase in urinary excretion occurred; 
approximately one-half of the injected ma- 
terial was excreted in the feces. 2. Copro- 
porphyrin administered intravenously to rats 
was rapidly excreted in the bile via an external 
biliary fistula, or in the urine when complete 
biliary obstruction existed. Orally adminis- 
tered coproporphyrin did not appear to be 
absorbed, and approximately half was re- 
covered from the feces. Regardless of the 
route of administration, only half of the co- 
proporphyrin could be recovered. 3. In acute 
liver injury due to carbon tetrachloride, intra- 
venous administration of coproporphyrin re- 
sulted in an increased urinary porphyrin excre- 
tion, with a relative reduction in the amount 
excreted in the feces. 4. In rats with chronic 
liver injury due to a choline-deficient diet 
virtually none of the injected porphyrin could 
be recovered in either urine or feces. The 
reason for this is unknown. 5. Rats made 
anemic by acute bleeding exhibited normal 
(i.e., increased) fecal excretion of copropor- 
phyrin III, following its intravenous adminis- 
tration. 
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Proteolytic, Hypotensive and Thromboplastic Properties of Hypochlorite 
Treated Trypsin.* (20319) 


DoNnaALp E. BowMan. 


From the Department of Biochemistry and Pharmacology, Indiana University School of Medicine, 
Indianapolis. 


It is well known that the parenteral admin- 
istration of trypsin induces a reaction similar 
to that of an antigen-antibody response with 
a sharp fall in blood pressure resulting from 
intravenous administration(1). That the in- 
hibition of the proteolytic activity of the 


* These studies were aided by a contract between 
the Office of Naval Research, Department of the 
Navy, and Indiana University. 


enzyme does not necessarily diminish its hypo- 
tensive effect was pointed out earlier(2). It 
was also reported that iodination(3,4) and 
treatment with formaldehyde(2) serve to 
decrease the hypotensive activity of trypsin 
more than its proteolytic or thromboplastic 
effects. Since the proteolytic and hypotensive 
properties are separable more advantageous 
means of accomplishing this separation were 
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sought. This was done, in part, with the view 
of attempting to improve the enzyme as a 
possible agent for the elimination of protein 
debris and the digestion of fibrin in vivo. 

The present report deals with proteolytic, 
hypotensive and thromboplastic properties of 
trypsin treated with sodium hypochlorite(5). 
In a subsequent report its use in combating 
fibrosis and the promotion of healing will be 
described. 

Methods. Sodium hypochlorite was added 
to a 0.4% solution of commercial trypsin. 
After standing 18 hours at 5°C the solution 
was dialysed in distilled water at 5°C for 24 
hours and either lyophilized or precipitated 
with 80% ethyl alcohol, washed in absolute 
alcohol and dried in vacuo. In order to mini- 
mize denaturation of crystalline enzymes 90 
ml of a cold solution of NaOCl was added to 
0.25 g of the enzyme in 10 ml of cold water. 
After 5 hours at 5°C the preparation was 
dialysed at the same temperature in a 
mechanical dialyser for 4 hours and lyophil- 
ized. After dialysis tests for available chlorine 
were negative. Proteolytic activity was usu- 
ally estimated by the procedure described by 
Kunitz(6) based on the increase in optical 
density of a filtrate of a casein digestion mix- 
ture. Changes in proteolytic activity were 
estimated by determining the amount of the 
treated enzyme required to cause the same 
change in optical density as a given amount 
of untreated trypsin with the same solution 
of casein. The relative proteolytic activity 
of acetone treated plasma due to added pro- 
tease was estimated by an adaptation of a 
method of Schmitz(7). One ml of plasma was 
precipitated in 95% acetone. The precipitate 
was washed with acetone, centrifuged and 
dried in vacuum. The precipitate was thor- 
oughly ground with the aid of a glass rod in 
the centrifuge tube and one ml of 0.08 M 
phosphate buffer, pH 7.4, containing 10 mg 
of merthiolate per 100 ml was added. After 
standing at 5°C for one hour with the rod 
remaining in the tube the contents were thor- 
oughly mixed and 9 ml of buffer added. The 
tubes were stoppered and incubated at 38°C 
for 48 hours. After precipitating with 10% 
trichloroacetic acid the non-protein nitrogen 
of the filtrate was estimated by the micro- 
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Kjeldahl procedure. Values given were cor- 
rected for the original non-protein nitrogen 
and that due to the activity of the partially 
activated natural protease of the plasma. All 
glassware coming into contact with the blood 
or plasma was siliconed. Hypotensive activity 
was estimated employing dogs and the usual 
methods of carotid cannulation and recording. 
After the repeated initial injection of a stand- 
ard fixed dose of 0.1 to 0.5 mg of untreated 
trypsin per kg a reasonably reproducible re- 
sponse was obtained in a given dog with a 
return to the control blood pressure level fol- 
lowing each injection. Changes in hypoten- 
sive effect were determined by observing the 
amount of the treated enzyme required to 
produce approximately the same degree and 
duration of decreased blood pressure as a 
standard dose of untreated trypsin injected 
before and after the treated enzyme. In ob- 
serving coagulation time plasma containing 
1.34 mg of sodium oxalate per ml was diluted 
with 2 ml of saline. To 0.5 ml of diluted 
plasma at 38°C was added 0.5 ml of a solu- 
tion prepared by adding 2 ml of saline or 
enzyme solution to 5 ml of 0.222% CatCle. 
The tubes were gently tilted 40 times per 
minute at 38°C until gel formation was ob- 
served and verified by turning the tube hori- 
zontally. The plasma was obtained from 
blood drawn from a cannulated carotid artery 
discarding the first blood obtained. After 
centrifuging at 15,000 rpm for 30 minutes at 
18°C the plasma was drawn off to within one 
cm of the cells. All glassware was siliconed. 
The term trypsin refers to commercial trypsin 
unless otherwise indicated. Rabbits were 
used in most of this work because of the 
marked susceptibility of this species to the 
thromboplastic effect of trypsin and trypsin 
embolism. 

Results. Suitable amounts of hypochlorite 
markedly reduce the hypotensive activity of 
commercial trypsin while ability to digest 
casein is actually increased (Table I). With 
larger amounts of hypochlorite proteolytic 
activity is also diminished. In a large series 
of preparations such changes have been rela- 
tively reproducible. In spite of efforts to 
minimize denaturation of crystalline chymo- 
trypsin and crystalline trypsin marked loss 0 
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TABLE I. Influence of Sodium Hypochlorite on Hypotensive and Proteolytic* Activities of 
Trypsin and Chymotrypsin. 


= 
Commercial trypsin 


% of control activity 
Crystalline trypsin 


a PL 
Crystalline chymotrypsin 


gNaOCl/ ,—— a + —— 
genzyme Hypotensive Proteolytic Hypotensive Proteolytic Hypotensive Proteolytic 
007 50 49 50 60 
014 33 39 22 45 
028 5 143 16 ug) 12 36 
055 5 150 t 11 11 17 
alla 4 145 t Z 
22 3 108 t Inactive t Inactive 
44 75 25 


* Casein digestion. 


+ Low solubility prevented preparation of solutions practical for inj. 


solubility with probable serious degradation 
resulted from hypochlorite treatment. How- 
ever, to some extent crystalline chymotrypsin 
undergoes relative changes similar to those of 
commercial trypsin. Approximately equal 
losses in hypotensive and proteolytic activities 
occurred in crystalline trypsin. Effort is being 
made to further minimize the possible obscur- 
ing effect of denaturation. 

When added to plasma in vitro hypochlorite 
treated trypsin imparts greater proteolytic 
activity to the acetone precipitate of the 
plasma than does untreated trypsin (Table 
III). The activity of such an acetone pre- 
cipitate has been attributed to free protease 
of the plasma by some investigators; however, 
proteolytic activity of the precipitate is rou- 
tinely observed with plasma having a net in- 
hibitor effect prior to precipitation. We have 
used acetone precipitation as a reasonably re- 
producible means of revealing content of 
readily activated protease. Subsequent fur- 
ther treatment with 10% trichloroacetic acid, 
chloroform and streptokinase in this order 
results in progressively greater activity. That 
the mechanism of the action of hypochlorite 
may be to a large extent oxidative in nature 
is indicated by the differential effect of hydro- 
gen peroxide on the proteolytic and hypoten- 
sive activities of commercial trypsin (Table 
II). Treatment with peroxide was similar to 
that with hypochlorite. 

Spontaneous changes in trypsin which is 
allowed to stand in aqueous solution for 5 to 
25 hours at 5 to 37°C also involve greater loss 
of hypotensive activity. In some cases the 
latter may fall to 20% of the original level 


TABLE II. Influence of Hydrogen Peroxide on 
Hypotensive and Proteolytic Activities of Commer- 
cial Trypsin. 


gH.0./g  ——% of control activity —\ 

trypsin Hypotensive Proteolytic 
.075 33 162 
15 29 144 
1225 20 137 
33 15 130 


TABLE III. Increase in Proteolytic Activity of 

Acetone Treated Rabbit Plasma Following Addi- 

tion of Trypsin and Hypochlorite Treated* Trypsin 
in Vitro. 


Increase in N.P.N. 
in digestion mix- 


Amtadded ture due to activ- 


toplasma, ity of added en- 

Material added mg/ml zyme, mg/100 ml 
Trypsin, untreated 10 7.4 
20 15.9 
08 10.3 
Trypsin, hypochlo- 10 20.1 
rite treated 20 27.3 


* 11 g NaOCl/g trypsin. 


TABLE IV. Thromboplastic Activity of Hypo- 
chlorite Treated Commercial Trypsin In Vitro. 


mg enzyme/ % of control 


ml plasma coagulation time 
00025 85 
001 68 
002 50 
012 22 
020 15 
072 7.4 
-010 6.7 
020 6.5 
024 5 
.048 4 
072 6 
096 5 
1.3 Incoagulable 
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TABLE V. Influence of Heparin on Trypsin Embolism in Rabbits. 


- No. with Amt of trypsin inj., mg/kg 
No. of gross — — 
animals Substance inj.* No. emboli Avg total Max . Min 
Fatal cases 
44 Trypsin 40) 38 8 19 2 
20 Cl-trypsin 14 14 18 31.5 3 
20 Cl-trypsin and heparin 0 
Sacrificed cases 
44 Trypsin 4 0 6 6 6 
20 Cl-trypsin 6 3 23.3 24 20 
20 Cl-trypsin and heparin 20 0 25 25 25 


* Each substance inj. at rate of 1 mg/kg/15 min. 


while the proteolytic activity is altered very 
little; however, such changes are unpredict- 
able and difficult to reproduce. 

Trypsin treated with 0.11 g NaOCl per g of 
enzyme has marked thromboplastic activity 
when added to plasma in vitro in suitable 
amounts (Table IV). An excess interferes 
with blood coagulation through digestion of 
fibrinogen as indicated by the subsequent ad- 
dition of thrombin. Except in concentrations 
causing maximal clot acceleration the coagula- 
tion time is approximately equivalent to that 
obtained with 50% more untreated trypsin. 

The coagulation of plasma obtained from 
rabbits after injecting hypochlorite treated 
trypsin is also accelerated. In a typical case 
5, 60, and 180 minutes after injecting 2.5 
mg/kg of plasma coagulation times were re- 
spectively 22, 33, and 49% of the control time. 
However, as with untreated trypsin intra- 
venous administration involves considerable 
risk of fatal embolism in rabbits. Such em- 
bolism is prevented by the simultaneous in- 
jection of an equal amount of heparin 
(Table V). 

As estimated by the non-protein nitrogen 
procedure the injection of 25 mg/kg of treated 
trypsin at the rate of 1 mg/kg every 15 
minutes with an equal amount of heparin re- 
sulted in an increase in proteolytic activity 
of acetone precipitated plasma which was 
slightly greater than that observed upon 
adding 0.1 mg of the treated enzyme alone to 
1 ml of plasma 7m vitro. 

Heparin does not alter the hypotensive 
effect of hypochlorite treated trypsin and in a 
1:1 ratio, at pH 7.4, does not diminish the 
digestion of casein. However, with the same 


proportions and pH, heparin decreased the 
proteolytic activity of acetone precipitated 
plasma containing 0.1 mg of treated trypsin 
per ml to about half of the non-protein nitro- 
gen index obtained without heparin. 

Even with the injection of 25 mg of hypo- 
chlorite treated trypsin in rabbits at the rate 
of 1 mg/kg every 15 minutes the plasma 
trypsin inhibitor level remains essentially un- 
changed. 

Summary. Treatment of commercial tryp- 
sin with suitable amounts of sodium hypo- 
chlorite greatly diminishes the hypotensive 
effect of the enzyme while its proteolytic 
activity is increased by approximately 50%. 
Similar changes result from treatment with 
hydrogen peroxide. Hypochlorite treated 
trypsin possesses a marked thromboplastic 
effect. Heparin prevents fatal embolism 
which otherwise results in a high percentage 
of cases following the intravenous injection of 
treated trypsin in rabbits. An increase in the 
readily activated protease fraction of plasma 
is observed after adding the treated enzyme to 
plasma in vitro and after injecting it intra- 
venously. 
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Biliary Excretion of Cholic Acid and Cholesterol in Hyper-, Hypo-, and 


Euthyroid [Rats.* 


(20320) 


James C. THomPson AND Harry M. Vars. 


From the Harrison Department of Surgical Research, Schools of Medicine, University of 


Pennsylvania, 


Previous studies from this laboratory(1,2) 
have indicated that cholic acid and cholesterol 
excretion in the bile can be followed serially 
for a period of over 14 days. The ratios of 
excretion of these constituents remained quite 
constant. The isolation of labeled cholic acid 
from the bile of animals previously given 
deuterium-labeled(3) or  tritium-labeled (4) 
cholesterol is evidence for the consideration of 
cholic acid as a metabolic degradation product 
of cholesterol. Because of the well-known 
effect of changes in thyroid activity on blood 
cholesterol(5), it was of interest to ascertain 
the effects of altered states of thyroid activity 
on the biliary output of cholic acid and chol- 
esterol. 

Recent studies on the relation of thyroid 
function to cholesterol by Rosenman, Byers, 
et al.(6-10) have led these authors to con- 
clude that the metabolism of cholesterol is 
increased in hyperthyroidism and decreased 
in hypothyroidism. In their experiments the 
biliary excretion of cholesterol was determined 
in experimental hyper- and hypothyroidism 
(8-10) upon bile collected for 24 hours fol- 
lowing cannulation of the bile duct. During 
this period we have found the amount of bile 
secreted and its composition to be disturbed 
and erratic. The present work details the 
effects of altered states of thyroid activity on 
the serial analysis of the cholic acid-cholesterol 
inter-relationship in bile collected over a 
period extensive enough to allow hepatic 
physiology time to recover from operative 
trauma. 

Experimental. All animals used in this 
work were young male Wistar rats ranging in 
weight from 220-260 g. They all were fed 
a standard synthetic diet containing 3% fat 
and 18% casein(11)+ throughout the experi- 
mental period. Following cannulation of the 


* This work was done (in part) under Contract 
between the Department of the Army and the 
University of Pennsylvania. 


Philadelphia. 


bile duct, animals were given 1% NaCl to 
drink ad libitum. The animals were divided 
into 3 main groups. The control (euthyroid) 
group ‘was treated as outlined. Hyperthyroid 
rats were prepared by feeding 100 mg thyroid 
(Parke, Davis USP) per day for 10-15 days 
preceding bile duct cannulation. Following 
operation, the thyroid was given as 0.33% of 
the diet. These animals failed to gain weight 
in spite of increased food intake and had an 
increased pulse rate and generalized tremors. 
Hypothyroid rats were prepared by adminis- 
tering propyl thiouracil,+ as 0.5% of the diet, 
for 18-21 days preoperatively and were main- 
tained on the same dosage following cannula- 
tion. These animals lost little weight in spite 
of a markedly diminished food consumption. 


Cannulation of the common bile duct was 
accomplished by following the technic de- 
scribed by Fisher and Vars(1). In this, a 
polyethylene tube (PE 50) with an internal 
diameter of 0.023 inch, is inserted into the 
duct at the junction of its proximal and middle 
thirds. The tube is brought through the body 
wall and threaded subcutaneously to emerge 
on the dorsal mid-line at the base of the tail, 
and be inserted into a latex bag. This bag 
is changed every 24 hours, the bile volume 
measured and aliquots taken for analysis of 
cholic acid by method of Irvin, Johnston, and 
Kopala(12) and of cholesterol by method of 
Foldes and Wilson(13). 


Results. The data presented were obtained 


% 
+ Diet—Casein 18 
Sucrose 73 
Cod liver oil 3 
Celluflour B 

Jones salt 
Mixture No. 12 4 


This diet was supplemented with menadione and 
adequate B vitamins. 
+ Furnished through the courtesy of Lederle, Inc. 
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over a bile collection period of 7 days. No 
animal was included in the series that was not 
stabilized as to food and water intake and 
volume of bile produced for a period of at least 
one day in excess of the 7 reported here. 

The results are presented in graphic form in 
Fig. 1. The animals are divided into Group 
A, euthyroid control; Group B, hyperthyroid; 
and Group C, hypothyroid. Each group rep- 
resents 10 animals. The average results were 
as follows (all averages except those for food 
intake are for the 7-day period postopera- 
tively) : 

1. Volume—A:11.3 ml, B:14.9 ml, C:7.5 
ml. 

2. Cholic acid excretion— A:30.3 mg, 
B:16.0 mg, C:23.0 mg. 

3. Cholesterol excretion—A:1.58 mg, 
B:1.89 mg, €:0.82 mg. 


i 
OPERATION 


FIG. 1. Average daily biliary data, and food intake of hyper-, 


| | | i=l if = 
af R 3 4 5 7 DAYS 


hypo-, and euthyroid rats. 


4. Cholic acid/cholesterol 
BS 0 C52 oaks 

5. Food intake—The animals failed to eat 
on the day of operation. Average figures re- 
ported are for 6 days preceding operation, and 
for second to seventh day postoperative. 
Preoperative—A:15 g, B:18 g, C:9 g. Post- 
operative—A:12 g, B:16 g, C:4 g 

As can be seen in Fig. 1, the data from the 
first 2 days’ bile collection differ from those 
collected over the subsequent 5 days. In the 
hypothyroid group, for instance, the average 
daily cholic acid excretion for the first 2 days 
was 13.1 mg, for the subsequent 5 days the 
average output was 27.0 mg; the average daily 
cholesterol excretion for this group for the 
first 2 days was 0.38 mg, and for the next 5 
days was 1.0 mg. 

Discussion. ‘These data indicate that the 


ratio—A: 19.2, 


_ 
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amount of cholesterol excreted in the bile is a 
reflection of the level of thyroid activity, and 
as such, are in agreement with the findings of 
Rosenman, Friedman, and Byers(9). The 
absolute values for biliary cholesterol excre- 
tion in the present report, especially those in 
the hyperthyroid rat, are, however, consider- 
ably lower. 

The excretion of cholic acid was found to be 
below control levels in both the hypo- and 
hyperthyroid animals, although a greater 
amount was excreted in the hypothyroid 
animals than in the hyperthyroid group. 
There was a gradual rise in the cholic 
acid output in the hypothyroid rats, reflecting 
perhaps the longer time needed by the hepatic 
excretory mechanisms of the propyl thiouracil- 
treated animals to return to normal. It is pos- 
sible that the cholic acid excretion would re- 
turn to control values in time. 

It is of interest to note that following the 
first postoperative day, the cholic acid/ 
cholesterol ratio for each of the 3 experimental 
_ groups remains quite constant and quite dis- 
tinct. 

Byers and coworkers have found that the 
cholesterol(14) and the cholic acid(15) out- 
put in the bile are uniformly higher on the 
first day following cannulation than during 
subsequent 24-hour periods. Our data, on the 
contrary, indicate that the biliary levels for 
these 2 substances rise following cannulation 
and reach a fairly constant plateau on the 
third or fourth postoperative day. It is evi- 
dent from this, and from a study of the serial 
food intake, that the bile-cannulated animal 
does not approach a state of functional equi- 
librium until 3 or 4 days after cannulation. 

Summary. 1. Hyper- and hypothyroid rats 
have been prepared and, along with euthyroid 
control rats, have been subjected to cannula- 
tion of the common bile duct and total daily 
bile collection for 7 days following cannula- 
tion. 2. Analysis of this bile for cholesterol 
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and cholic acid revealed that the excretion of 
cholesterol is a reflection of the level of thy- 
roid activity, and that cholic acid excretion is 
lowered in both hyper- and hypothyroidism. 
3. After the third postoperative day, the ratio 
of cholic acid to cholesterol excreted in the 
bile was found to be relatively constant for 
each type of animal. 4. Cholic acid and 
cholesterol excretion in the bile was sup- 
pressed in both the hyper- and hypothyroid 
rats in the immediate postoperative period. In 
3 or 4 days following cannulation, these levels 
reached a plateau. 
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Adsorption in vitro of Poliomyelitis Virus on Human Erythrocytes.* (20321) 


C. W. JuncEsiut,| B. Horman, Jr., AND J. D. VERLINDE. 


From the Department of Microbiology, College of Physicians and Surgeons, Columbia University, 


New York, and the Institute for Preventive Medicine, Leiden, Netherlands. 


_ Among the neurotropic viruses adsorptive 
or hemagglutinating reactions have been de- 
scribed for lymphocytic choriomeningitis virus 
(1), Japanese B encephalitis virus(2), Thei- 
ler’s mouse encephalomyelitis virus(3), and 
Col-SK virus(4). Little is known of the 
mechanism of interaction between these 
viruses and the red cell, except for Col-SK 
virus where the controlling factors have been 
analyzed in some detail(5-11). Classical 
poliomyelitis virus has given so far no evi- 
dence, through hemagglutination, of reacting 
in vitro with red cells. Yet viremia in polio- 
myelitis has been repeatedly demonstrated in 
experimentally infected animals(12-15) as 
well as in the human disease(16-18). More- 
over, certain electronmicrographic alterations 
of the erythrocytes have been interpreted as 
indicating the presence of virus particles on 
the cellular surface(19,20). It became of in- 
terest, therefore, to investigate whether human 
poliomyelitis virus is capable of entering into 
specific interaction im vitro with red cells, as 
determined by viral adsorption. 
Experimental. The virus chosen was the 
Leon strain of poliomyelitis virus.+ Virus dilu- 
tions and cell suspensions were prepared with 
sterile potassium-veronal buffer(11). In pre- 
liminary experiments, 1 cc of virus dilutions 
of 1:100 was combined with 1 cc of 20% sus- 
pensions of washed human (QO) or rabbit red 
cells and the mixtures were kept in the icebox 
(4°C) for several hours (4-16 hr). Following 
cold-centrifugation (15 minutes at 3000 
R.P.M.) the red cells were separated from 
the supernatant fluids and the cellular sedi- 
ments were resuspended in 2 cc of buffer solu- 


* Aided by grants from the Sister Elizabeth 
Kenny Foundation and the Dr. . Simon Baruch 
Foundation. 


+ Fulbright scholar in the Netherlands, 1951-1952. 
+ We are indebted to Drs. H. A. Howe and D. M. 
Horstman for sending us samples of the Leon 
strain for experiments in Leiden and in New York. 


tion or were laked by adding 2 cc of distilled 
water. Aliquots of the red cell preparations 
and of their corresponding supernatant fluids 
were tested for the presence of active virus by 
intracerebral injection into pairs of rhesus 
monkeys. Control animals received the test 
dose of virus which had been combined with 
buffer solution. The results of several ex- 
periments are summarized in Table I. 


Resuits. These experiments show that ac- 
tive virus was uniformly present in the red 
cell sediment and in the supernatant fluid 
when human erythrocytes were used. When 
rabbit erythrocytes were used, virus was found 
on the red cells in one instance only but was 
regularly present in the supernatant fluid. 
Since the potency of Leon virus, as determined 
in control animals, reached ID; values as 
high as 10°‘, it is evident that the red cells 
had contacted excessive amounts of virus in 
the original combination. 


Another experiment was set up to study the 
quantitative aspects of the partition of virus 
between red cells and supernatant fluid in the 
original combination. Mixtures consisting of 
2 cc of a 1:100 dilution of Leon virus and 2 cc 
of 20% suspensions of human or rabbit red 
cells were held in the icebox overnight and 
the virus content of the supernatant fluid was 
assayed by titration in monkeys. A control 
tube which contained 2 cc of a 1:100 dilution 
of virus in combination with 2 cc of buffer 
solution was included. The results are given 
in Table IT. 


It appears that the amount of free virus 
which could be detected in the supernatant 
decanted from the human red cell combination 
was at least 5 times less than that recovered 
from the supernatant decanted from the rabbit 
red cell combination. Since the latter 
equalled the titer found in the control, the 
human red cells had evidently removed an 
appreciable quantity of virus. No such re- 
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TABLE I. Infectivity of Cells, before and after Washing, and of Their Corresponding 


Supernatant Fluids in Virus-Red Cell Combinations. 
ee ———————————————eeeee 


Cell-virus combinations——_——,, 


v 


Ue 2X 3X 
Unwashed washed washed washed 
Red cells Virus Cells ‘S* Cells Ss) Cells SS) Cells Ss) 
Human 20% Leon 107 7/8 Wi 1/4 0/2 1/4 0/2 9/10 0/7 
Rabbit ” < WY 4/4 0/2 0/2 0/3 0/3 


Virus controls: 10--%= 7/7; 10°= 3/4; 10+—6/6; 107 = 2/4; 107*—0/3; 10°= 0/2 


* § = Supernatant. 


Denominator — No. of monkeys inj.; numerator = No. of monkeys paralysed. 


TABLE II. Titration of Supernatant Fluid from 
Original Virus-Red Cell Combination. 


Titration of 


Virus red cell combination supernatant fluid 


Red cells Virus a Qa 10 10= 
Human 20% Leon. 10-* 3/3 0/4 0/2 
Rabbit ” 3 3/3 2/2 0/2 
Buffer control a 3/3 2/2 0/2 

Denominator = No. of monkeys inj. 

Numerator = ” ” ss paralysed. 


action could be demonstrated with the rabbit 
red cells. 

While the above results suggested that par- 
tial adsorption of virus had occurred on the 
human red cells, a possibility could not be 
dismissed that the cells had been contam- 
inated by free virus in the ambient fluid. 
Further experiments were, therefore, carried 
out in which human or rabbit red cells, which 
had contacted virus, were washed repeatedly 
with large amounts of buffer solution. The 
washed cells and their corresponding super- 
natant fluids were then tested for the presence 
of active virus in the usual manner. Chilled 
reagents and glassware were used exclusively 
so as to minimize the chances of possible 
elution of the virus. Washing was accom- 
plished by resuspending 0.2 cc of centrifuged, 
packed cells in 9.8 cc of buffer solution, agi- 
tating the suspension, and then recentrifuging 
it to obtain a new sediment. This procedure 
resulted in a 50-fold dilution of the contents 
in the original combination; by repeating the 
washing 3 successive times, a cumulative final 
dilution of 1:25,000,000 was obtained which 
was in excess of the verified endpoint of po- 
tency of the virus. The results obtained in 
these experiments are also recorded in Table I. 

It will be seen that active virus was no 
longer demonstrable in any of the supernatant 


fluids decanted from either human or rabbit 
red cells after the first, second or third cycle 
of washing. On the other hand, the washed 
human cells were definitely infectious in sev- 
eral instances whereas similarly washed rabbit 
cells were non-infectious. 

Summary and conclusions. When polio- 
myelitis virus was combined with human O 
erythrocytes at 4°C, active virus was present 
in the cellular sediment as well as in the super- 
natant fluid. Upon titration, the supernatant 
was found to contain less free virus than 
could be demonstrated in the supernatant 
from combinations of virus and rabbit eryth- 
rocytes, or in a buffer control. Human eryth- 
rocytes which, after contact with virus, had 
been washed repeatedly carried active virus 
whereas the corresponding supernatant was 
non-infectious. The described facts suggest 
that poliomyelitis virus may be adsorbed 
in vitro onto human erythrocytes. 
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Increased Plasma 17-ketosteroid Concentration in Congenital Adrenal 


Hyperplasia. 


Lytt I. GARDNER. 


(20322) 


(With the technical assistance of Mrs. Sally Merrick.) 


From the Department of Pediatrics, State University of New York Medical School, Syracuse. 


Although there have been numerous studies 
of urinary 17-ketosteroid excretion in congeni- 
tal adrenal hyperplasia(1-4), no data appear 
to be available on plasma concentration of 
17-ketosteroids. Previous attempts to meas- 
ure endogenous 17-ketosteroids in peripheral 
blood have resulted either in loss of the steroid 
during fractionation of plasma(5) or in over- 
estimation of the material extracted(6). A 
method has recently been developed permit- 
ting estimation of endogenously produced 17- 
ketosteroids in peripheral plasma(7). Ac- 
cordingly the plasma of normal adults and 
of patients with congenital adrenal hyper- 
plasia has been investigated. 

Methods. Oxalated or heparinized venous 
blood was collected. Ether extracts from acid- 
hydrolyzed whole plasma (10% HCl) were 
made and chromatographed on magnesia- 
silica gel columns, after which the residues 
were subjected to a micro-Zimmermann reac- 
tion(7). Optical density measurements were 
related to a calibration curve made with de- 
hydroepiandrosterone acetate and the results 
expressed as pg 17-ketosteroids per 100 ml 
plasma. The spectrophotometric curves were 
done on the Zimmermann color of the residues 
prepared as described above, using a Beckman 
DU spectrophotometer (light path 1.0 cm, 
final vol. 0.5 ml). Recoveries of pure andro- 


sterone added to plasma samples carried 
through the extraction procedure varied be- 
tween 85 and 100%. No 17-ketosteroids 
could be detected in the plasma of a gonadec- 
tomized-adrenalectomized adult. Prepubertal 
children were found to have plasma values of 
<3 yg %. 

Results. Fig. 1 shows spectrophotometric 
curves of the Zimmermann reaction done on 
plasma steroid residues of a normal man age 
35 years, and a girl with untreated congenital 
adrenal hyperplasia age 13 years. The max- 
ima at approximately 520 my are noteworthy, 
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FIG. 1. Spectrophotometric curves of the Zimmer- 

mann reaction on plasma residues from a man age 

35 years and a girl with congenital adrenal hyper- 
plasia age 13 years (case Gr). 


PrasMA 17-KS In CONGENITAL ADRENAL HYPERPLASIA 


TABLE I. Plasma and Urine 17-Ketosteroid Values. 


Neutral 17-ketosteroids 


Plasma, Urine, 
Patient; “Sex (Agejyr Diagnosis wg/100ml =mg/24 hr 
Gr. Q ein Congenital adrenal hyperplasia 360 300 
Ci. 3 7 4 ie 4 80 29 
An. é 8 a 5 2% 80 49 
Gu. fo} 6 is oy ‘ 88 42 
15 adult ¢ controls 19-35 Normal 74+ 7* 9-17 


* Mean + stand. error of the mean. 


since 17-ketosteroids absorb maximally in this 
spectral range. The significance of the max- 
ima at 405 my is not known at present. 

Table I presents quantitative data on the 
concentrations of plasma 17-ketosteroids and 
urinary 17-ketosteroid excretion in 4 children 
with untreated congenital adrenal hyperplasia 
as compared with 15 normal men. It will be 
noted that patient Gr., a female pseudoher- 
maphrodite, has 17-ketosteroid concentrations 
in plasma and urine very greatly in excess of 
the values shown by the younger boys with 
congenital adrenal hyperplasia. The reason 
for this difference is not known, although it 
has previously been observed that the urinary 
excretion of 17-ketosteroids in this disease 
may show a marked increase at the time of 
epiphyseal closure(8). It is apparent that 
the plasma as well as urine 17-ketosteroid con- 
centrations of these children are considerably 
in excess of the mean value for normal adult 
males. 

When patient Ci was given 50 mg of corti- 
sone per day by mouth, his plasma 17-keto- 
steroid concentration fell to values of <16 
pg %, and urine values to <8 mg per day. 

Discussion. The observation that periph- 
eral plasma 17-ketosteroids are elevated in 
untreated cases of congenital adrenal hyper- 
plasia and fall with cortisone therapy is of 
interest in view of what is presently known 
about plasma 17-hydroxycorticosteroid con- 
centrations. Nelson(9) and Kelley e¢ al.(10) 
have noted that plasma 17-hydroxycortico- 
steroid concentration is abnormally low in un- 
treated cases of congenital adrenal hyper- 
plasia, and rises to normal values when cor- 
tisone therapy is begun. Thus, there appears 
to be a reciprocal movement of plasma con- 
centrations of 17-ketosteroids vs. 17-hydroxy- 


corticosteroids when patients with this disease 
are treated with cortisone. 

Summary. Measurements of peripheral 
plasma 17-ketosteroids were made in 15 nor- 
mal men and in 4 children with untreated 
congenital adrenal hyperplasia. The 4 chil- 
dren showed plasma values equal to or in ex- 
cess of the values shown by the men. When 
one of the children was treated with cortisone, 
plasma 17-ketosteroid concentration fell to 
values far below the adult level. 


The author is indebted to Dr. Charles Lloyd in 
whose laboratory the urinary 17-ketosteroid de- 
terminations were done and who made possible the 
observations on patient An. Dr. Elmer Alpert of 
Merck and Co. kindly provided the Cortone used 
in this study. Pure dehydroepiandrosterone acetate 
was generously furnished by the Schering Corp. 


1. Talbot, N. B., Butler, A. M., and MacLachlan, 
E. A., New England J. Med., 1940, v223, 369. 

2. Wilkins, L., Lewis, R. A., Klein, R., Gardner, 
L. I., Crigler, J. F., Jr., Rosemberg, E., and Migeon, 
C. J., J. Clin. Endocrinol., 1951, v11, 1. 

3.) Bartter, F. C. Forbes, A. P. and) leaf, cAe 
J. Clin. Invest., 1951, v30, 237. 

4. Gardner, L. I, and Migeon, C. J., J. Clin. 
Endocrinol. and Metab., 1952, v12, 1117. 

5. West; ‘C.D: Tyler, F2 H. Brown, He cand 
Samuels, L. T., J. Clin. Endocrinol., 1951, v11, 897. 

6. Dumazert, C., and Valensi, G., Comptes Rendus 
Soc. de Biol., 1952, v146, 471; also cf. Zimmermann, 
W., Vitamine u. Hormone, 1944, v5, 276. - 

7. Gardner, L.1., J. Clin. Endocrinol. and Metab., 
1953, v13, n8 (Aug.). 

8. Gardner, L. I, Sniffen, R. C., Zygmuntowicz, 
A. S., and Talbot, N. B., Pediatrics, 1950, v5, 808. 

9. Nelson, D. H., personal communication. 

10. Kelley, V.C., Ely, R. S., and Raile, R. B. 
J. Clin. Endocrinol. and Metab., 1952, v12, 1140. 


Received April 6, 1953. Ps5.E. BML, 1053 savsoe 


bo 
on 
w 


Rate of Excretion of Glutamyl Polypeptide and Its Polymers in Humans. 
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From the Veterans Administration Hospital, Brooklyn, N. Y. and The Department of Medicine, 
College of Medicine, State University of New York, New York City 


Further work on the polyglutamic acid pre- 
viously investigated by us with reference to its 
mode of formation(1) has revealed character- 
istics relating to the use of this peptide and its 
derivatives as a plasma volume extender. The 
one major defect is its rapid disappearance 
from the blood stream and high rate of excre- 
tion by the kidney.. Thus, the glutamyl pep- 
tide, prepared as previously described(1) with 
a molecular weight of 12,000 to 15,000, is 
completely cleared from the blood stream of 
humans within 2 hours after injection. As 
much as 85% of the injected material is found 
in the urine within 3 or 4 hours after injection. 


Since rate of excretion from the blood 
stream is a function of such molecular proper- 
ties as size, shape, surface configuration and 
charge, various derivatives of the peptide have 
been prepared and studied to provide a -cor- 
relation of physiological properties with such 
physico-chemical properties. One result ob- 
tained of considerable interest in the problem 
of plasma volume extenders is concerned with 
molecular diameter and rate of renal excre- 
tion of these macromolecules. This result, as 
demonstrated in humans, is reported herewith. 

Materials. The substances tested were 
glutamyl polypeptide and glutamyl polypep- 
tide polymerized with some of its partial de- 
gradation products. The molecular dimensions 
of the glutamyl polypeptide were estimated to 
be 11 A by 150-200 A(1). The average num- 
ber molecular weight of the glutamyl peptide 
was 12000-15000, that of the partial degrada- 
tion products was 2000-3000. These molec- 
ular weights were obtained by both formol 
titration of the terminal amino group and the 
dinitrophonyl fluoride end group determina- 
tion of Sanger(3), the methods agreeing with- 
in 10%. The molecular weights of the polymers 
have not yet been accurately determined, but 


* We are indebted to Merck and Co. for a gift 
of the glutamyl peptide used in this work. 


are estimated to be 80000 on the basis of data 
obtained during their preparation. The 
method of preparation of these polymers, as 
well as a method for the quantitative determi- 
nation of both the peptide and these polymers, 
will be published elsewhere(2). There was 
no notable change in molecular length, the in- 
crease in molecular weight being associated 
with increase in molecular diameter. Both 
glutamyl peptide and its polymers were in- 
jected intravenously as 3% solutions of sodi- 
um salt in isotonic saline. Sterilization was 
achieved by filtration. All solutions were 
tested for pyrogenicity and sterility prior to 
use. Each subject was administered 3 g of 
the material being tested during the course of 
one hour. Control analyses for blood and 
urine level were taken prior to injection. 
Blood levels were taken 10 minutes after the 
end of injection, and then at suitable intervals. 
Urinary excretion of the material was de- 
termined from the start of the injection and 
followed at least 24 hours. 

Results. It is evident in Fig. 1 that the 
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half-life of the glutamyl peptide in the human 
blood stream is increased by polymerization. 
As a corollary, the rate at which the polymer- 
ized material is excreted in the urine is de- 
creased. It is pertinent to state here that 
there was no significant change in temperature, 
pulse, or respiration in either subject during 
the course of administration or at any time 
during the next two days. Subjectively the 
patients experienced no symptoms whatsoever. 

It is evident that the rate of disappearance 
of the polymer of glutamic acid from the hu- 
man blood stream can be decreased by increas- 
ing the diameter of the molecule, other factors 


Butazolidin Plasma Concentration 


such as the length and composition of the 
molecule being kept constant. The molecular 
length of both the peptide and the polymer are 
approximately that of serum albumen. 


Summary. The half-life of glutamyl poly- 
peptide in the blood stream of humans can be 
increased by polymerization leading to an in- 
crease in the molecular diameter. 


1. Bovarnick, M., J.B.C., 1942, v1451, 415. 

2. Fieber, Stanley, Bovarnick, Marianna R., Kaz- 
lowski, Joseph, in press. 

3. Sanger, F., Biochem. J., 1951, v49, 23. 
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and Urinary Excretion in Normal 
Individuals and in Patients with Rheumatoid Spondylitis.* 


(20324) 


AticrE BoRDEN STANFIELD, EMIty C. BRODIE, AND ELMER E. YEOMAN. 
(Introduced by A. R. Kemmerer.) 


From the Department of Nutrition, University of Arizona, and the Southwestern Clinic and 
Research Institute, Tucson. 


The current use of 3,5-dioxo-1,2-diphenyl-4- 
n-butyl pyrazolidine (Butazolidin)t in the 
treatment of rheumatic diseases has become 
widespread in this country as well as in 
Europe. Although there are many references 
regarding its use and the resultant clinical 
response(1-4) there has been no satisfactory 
report concerning plasma concentration and 
the urinary excretion of the drug. At the 
time of the initial report on the use of Buta- 
zolidin in 188 patients(3), information regard- 
ing the absorption of the drug was not avail- 
able. It was known that the absorption was 
occasionally incomplete because some patients 
observed the intact tablets in the stool. 
Studies on drug concentrations were instituted 
in an attempt to establish definite absorption, 
optimum dosage, and to arrive at a possible 
explanation of the toxic reactions frequently 


* This work was supported in part by grants from 
the U. S. Public Health Service and the Fair Foun- 
dation, Arizona Agric. Exp. Station Technical Paper 
No. 325. 

1 Butazolidin was supplied by Geigy Pharmaceu- 
ticals, Geigy Co., New York. 


encountered during therapy(2,4-6). Experi- 
ence indicates that Butazolidin is more effec- 
tive in the treatment of rheumatoid spondy- 
litis than in any other type of rheumatic dis- 
ease. For that reason this study was limited 
to the results from treated spondylitis patients. 

This paper reports plasma concentrations 
and urinary excretion of Butazolidin for 11 
normal individuals and 6 patients with rheu- 
matoid spondylitis who were treated in the 
same manner. Rates of absorption and dis- 
appearance of the drug in plasma and urine 
are reported for one patient with osteo arth- 
ritis. 

Methods. The normal control group con- 
sisted of 6 male and 5 female university stu- 
dents between the ages of 19 and 25. Each 
individual was carefully instructed and later 
checked to make certain that his diet was of 
adequate caloric and vit. C content as well 
as one which supplied a minimum of one gram 
of protein per kilogram of body weight. All 
meals were provided at the same dining hall 
on the campus. Twenty-four hour urine sam- 
ples were collected on 2 consecutive days and 
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a blood specimen on one day preceding insti- 
tution of therapy. A routine urinalysis, a 
routine blood count, platelet count and ery- 
throcyte sedimentation rate were performed 
at the beginning of the experiment. After a 
2-day control period on the diet, 400 mg of 
Butazolidin were administered orally in 2 
divided daily doses. The students were in- 
structed that medication must always be 
taken following meals and that any unusual 
symptoms be reported at once to the physician 
in charge. During the treatment period of 
10 days, blood specimens and 24-hour urine 
samples for Butazolidin levels were obtained 
on the Ist, 3d, 5th, 7th, and 10th days. Ap- 
proximately 12 hours elapsed between time 
the last medication was ingested and the blood 
sample obtained. Five male and 1 female 
patients with indisputable rheumatoid spon- 
dylitis were similarly treated. The patients 
ranged in age from 19 to 40 years. The pa- 
tient with osteo arthritis had been on a daily 
dose of 400 mg of Butazolidin for 2 weeks. At 
the time the medication was discontinued the 
plasma level was 10.3 mg % and the rate of 
disappearance of the drug from both plasma 
and the urine was carefully followed for 12 
days. On the 15th day the drug was started 
again and its reappearance and rise in the 
urine and plasma was studied for an additional 
18 days. On the day the specimens were ob- 
tained, determinations for each individual were 
estimated in duplicate. In the plasma proce- 
dure the original method was modified in order 
to eliminate the formation of permanent 
emulsions. Ground glass stoppered test tubes 
of 50.0 ml capacity were substituted for glass 
bottles and antifoam? was added to the mix- 
ture before shaking. The final estimations 
were made by reading the optical density at 
265/u in a Model DU Beckman Spectrophoto- 
meter. Recoveries of Butazolidin added to 
plasma and to urine were satisfactory 
(100% + 4%). 

Results. Butazolidin was demonstrated in 
both plasma and urine in all 17 subjects. Its 
definite absorption from the intestinal tract 
was thus established. With the exception of 
female students W. O. and S. A. no other indi- 
viduals gave evidence of any toxic reactions to 


t+ Dow Corning Antifoam A. Silicone Defoamer. 
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the drug. No member of the group of normal 
students reported loss of appetite, symptoms 
of gastric disturbance, insomnia or euphoria. 
There was no development of edema and no 
significant weight gain. No symptoms were 
detected which could be referred to ingestion 
of Butazolidin. The results for normal stu- 


TABLE I. Butazolidin Plasma Concentrations.* 
6 patients with rheumatoid spondylitis. 
Control=0 mg %. 


Days on treatment —————_, 


Subjects il 3 5 7 10 
mg % ——, 
1K IK, 3.8 9.3 9.6 14.0 13.4 
S.G. 8 4.1 iS} 13.2 12.6 
ReeNe 1.0 4.6 7.4 9.1 10.2 
Bees 1.6 7.4 9.8 8.2 11.9 
N. D. 122 Cet 12.8 T3e7 USI 
Me. A. 0 10.7 11.4 11.8 12.4 
Avg 1.4 7.3 10.5 ely 12.3 

11 normal students 
183, 183. 3.8 6.2 11.0 12.6 14.0 
1D ID Bhs) 3.8 8.8 16.1 tS 
RANG 3.9 fae 8.9 11.9 14.5 
S. L. 2.6 5.6 9.5 11:2 14,9 
W.R. Bus) 7.6 12.4 14.4 12.8 
W.L. .0 5.8 SL 1227 13.8 
B. W. 4.7 nla ys 14.4 14.5 15.8 
Me. D. 2.6 8.2 9.5 Ay 14.5 
S. D. 0 6.8 rete 14.7 13. 
Avg Ql 7.0 10.4 URE 14.3 


* Daily dose 400 mg Butazolidin. 


TABLE II. Butazolidin Urinary Excretion Values,* 
6 patients with rheumatoid spondylitis. 
Control mg/24 hr = 0. 


-——— Days on treatment 


EE TaN 
Subjects 1 3 5 i 10 
mg/24 hr ——————_—___, 
TES IRS 2.9 2.8 ies 2182) 37.2 
S. G. .0 2.8 9.6 35.6 34.0 
R.N. 0 4.3 10.0 1357 15.3 
}Bh5, 12%, .0 2.2 9.8 16.1 17.6 
N. D. .0 1.4 15.2 32.4 25.9 
Me. A. .0 ayil On 19.7 36.9 
Avg 4 Sal 12.8 23.1 27.8 

11 normal students 
B. B. 0 Be 20.3 32.3 41.4 
DED: .0 3.8 16.9 20.4 27.8 
PING 0 0 2:2 7.4 23.6 
Seley 0 2.2 ileal Wy 14.3 
W.R. a0) 6 10.5 12.4 43.8 
W. L. 0 2.2: 13.0 19.2 30.3 
B. W. 2.0 7.0 18.8 46.8 69.0 
Me. D. 0 2.9 iedh Viet 48.1 
Se); .0 2.2 9.0 21.0 17.3 
Avg 2 27. 12.2 21.6 apy 


* Daily dose 400 mg Butazolidin. 
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dents, W. O. and S. A. were eliminated from 
all but the weighted mean calculations. Buta- 
zolidin concentrations in the plasma for the 
remaining 9 normal students and for the group 
of patients with rheumatoid spondylitis are 
presented in Table I. 


Butazolidin urinary excretion values for the 
two groups studied appear in Table II. 


Fig. 1 represents the weighted average 
graph$ of both plasma concentration and urin- 
ary excretion values for the 2 groups. On the 
10th day the difference in plasma levels in the 
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2 groups was significant at the 1% level. At 
no other time were the differences significant 
in either plasma concentration or urinary ex- 
cretion values. The average weight of the 
group of normal individuals was 22 pounds 
higher than the average weight of the patients 
with rheumatoid spondylitis. When individual 
values for all subjects were arbitrarily con- 


§ The weighted mean derived by averaging re- 
maining values after discarding those which fell out- 
side the mean plus or minus the standard deviation. 
(Values between X =+S,). 
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verted to gamma per pound of body weight 
instead of mg % the significant value men- 
tioned above was no longer evident. We be- 
lieve it can be explained on a weight difference 
basis and should be disregarded. The con- 
version to gamma per pound of body weight 
did not alter the fact that none of the differ- 
ences in urinary excretion values was signifi- 
cant. 


On the 10th day of treatment the weighted 
mean average Butazolidin plasma level for 
both groups was 14.0 mg % or roughly 350 
mg in the total circulating plasma. This 
represents approximately 88% of a daily dose. 
On the same day the weighted average urinary 
excretion value for the two groups was 35.0 
mg/24-hours or approximately 8.8% of a 
daily dose. Fig. 2 shows a curve represent- 
ing the daily rates of disappearance of Buta- 
zolidin in the plasma and urinary excretion 
for 1 patient with osteo arthritis. Butazolidin 
did not disappear from the urine until the 
12th day after the drug was discontinued. A 
total of 129 mg had then been excreted. On 
the 3d day after Butazolidin had completely 
disappeared from the urine, medication was 
started again in a daily dose of 400 mg. It 
did not reappear in the urine until the 4th 
day following reinstitution of therapy. 

Although the presence of Butazolidin was 
not detected in the urine after 12 days it was 
present in the plasma in small amounts (0.84- 
1.24 mg %) even 15 days after the drug was 
discontinued. 


Discussion. This study was not designed 
to show differences in response to Butazolidin 
therapy between normal individuals and pa- 
tients with rheumatoid spondylitis. Rather, 
both groups were incorporated for the purpose 
of establishing information on the absorption 
and urinary excretion of the drug. The re- 
sults show that Butazolidin was absorbed from 
the intestinal tract in all individuals treated. 
Not until the 7th and 10th days of treatment 
was the plasma level in any way commensu- 
rate with the daily drug intake. When the 
urinary excretion value was highest only about 
10% of the daily dose of butazolidin was being 
excreted as such. 

It is interesting to note the slow disappear- 
ance of the drug from both the plasma and the 
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urine in the patient with osteo arthritis. On 
the day the medication was discontinued there 
were roughly 300 mg in the total circulating 
plasma. In the 12 days required fot the Buta- 
zolidin to disappear completely from the 
urine, only 129 mg were excreted. The drug 
was still present in small amounts in the 
plasma on the 15th day when medication was 
again started. 

A number of possibilities have been con- 
sidered to explain the disposition of Buta- 
zolidin by the body but as yet we have little 
actual proof to substantiate them. 


Summary. 1. Four hundred mg of Buta- | 
zolidin were administered orally for 10 days 
to 11 normal students and to 6 patients with 
rheumatoid spondylitis. Plasma concentra- 
tions and total 24-hour urinary excretion 
values for the drug were estimated. 2. Buta- 
zolidin was demonstrated in the plasma of 
all individuals between the Ist and 3d days 
on treatment and appeared in the urine be- 
tween the Ist and 5th days thus proving its 
definite absorption in all 17 subjects. With 
the exception of 2 mild cases of edema in 2 
females in the normal group, no toxic effects 
of the drug were encountered during therapy. 
There were no significant differences in the 
reactions in the 2 groups. No sex differences 
were noted in the rate of absorption or excre- 
tion of the drug although the number of sub- 
jects admittedly was small. 3. Butazolidin 
did not completely disappear from the urine 
in one patient with osteo arthritis until 12 
days following cessation of therapy and it was 
still detected in small amounts in the plasma 
at the end of 15 days. 4. We have at this 
time no adequate explanation regarding the 
disposition of the drug by the body although 
there is some evidence to suggest that a part 
of it is stored as Butazolidin in the tissues or 
carried in the circulating blood. 


The authors wish to express their appreciation to 
Dr. Bernard B. Brodie and to Dr. John J. Burns of 
New York University College of Medicine for their 
preliminary method for the determination of Buta- 
zolidin in plasma and urine. Further appreciation js 
extended to the group of students for their excellent 
cooperation in this study and to Mr. Joel E. 
Fletcher for his help with the statistical analyses 
and charts. The technical assistance of Mrs. Mar- 
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Atrial contraction may insure adequate 
cardiac filling in patients with mitral or tri- 
cuspid stenosis. Factors that affect the work 
done by atrial systole became of great im- 
portance in such cases. The relationship be- 
tween ventricular initial length and systolic 
work has been studied(1-2); apparently simi- 
lar relationships for mammalian atrial muscle 
have not been investigated. Such information 
may be valuable in interpreting atrial pres- 
sures, particularly in cases of valvular dys- 
function. 

Method. Strips of atrial muscle 2 by 0.5 
cm were removed carefully from the beating 
left atrium of dogs anesthetized with sodium 
barbital. The strips were placed in warm 
Tyrode’s solution modified to contain 0.008% 
NaHe2PO, and 0.013% CaCle. The solution 
was oxygenated with 95% O» and 5% COs, 
and maintained at 39°C. One end of the 
muscle strip was fixed by a support and the 
other end suspended by a simple lever. 
Weights ranging from 0.5 to 10 g were placed 
on the free arm of the lever, and the resulting 
muscular stretch was recorded by projecting 
the movement of the lever onto a photokymo- 
graph. Muscular contractions were elicited 


* Supported by a Research Grant from the Nation- 
al Heart Institute, National Institutes of Health, 
U. S. Public Health Service. 

t Postdoctorate Research Fellow, U. S. Public 
Health Service. 


by maximal induction shocks, and the height 
of the contractions was recorded. All records 
were corrected for magnification and were ex- 
pressed as ‘the actual movement in mm of the 
free end of the muscle strip. The work per- 
formed by each contraction was calculated in 
gram-centimeters. Muscular stretch was cal- 
culated as percent of the original 2 cm length. 

Results. A total of 131 observations on 
strips from 9 atria were satisfactory for 
analysis. The amount of work performed 
varied widely among muscular strips. How- 
ever, in each case the amount of work in- 
creased with increase in initial length until a 
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FIG. 1. Work-stretch diagram of left atrial strips. 

Circles are avg work performed. Upper figures 

are number of observations, lower figures are num- 

ber of animals. The three points in upper left of 
plot were all from the same animal. 
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maximum work response was obtained. 


The degree of stretch was divided into 
groups; the class interval being a 5% increase. 
Plotting average amount of work done by the 
muscle for each group (Fig. 1) indicates the 
maximum work response occurs at 30% 
stretch over the original length. This agrees 
closely with the mean of the maximum for 
each individual muscle strip, the mean being 
26.9% with a standard deviation of 9.7. 


Discussion. The average filling volume of 
the left atrium of the dog is stated(3) as 3.4 
cc. Assuming that the atria are spherical, 
this gives a surface of 10.93 square cm. To 
increase this surface 30%, it is necessary to 
increase the volume to 5.03 cc. Calculations 
employing previously reported(3) volume 
elasticity curves of the left atrium indicate 
that this volume will result in an intra-atrial 
pressure of 150 mm of H2O. 


Such a theoretical analysis of the data indi- 
cate that maximum left atrial systolic work 
will occur at an atrial pressure of 150 mm of 
H.O. Pressures higher than this will result 
in atrial failure with markedly reduced work 
output. 

Summary. Strips of left atrial muscle from 
the dog heart were subjected to varying de- 
grees of stretch, and the work performed dur- 
ing contraction was calculated. Maximum 
work occurred at approximately 30% stretch. 
A theoretical analysis of these data indicates 
that maximum left atrial systolic work occurs 
at an intra-atrial pressure of 150 mm of water. 


1. Patterson, S. W., Piper, H., and Starling, E. H., 
J. Physiol., 1914, v48, 465. 

2. Starling, E. H., and Visscher, M. D., J. Physiol, 
1927, v62, 243. 

3. Little, R. C., Am. J. Physiol., 1949, v158, 237. 
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Treatment of both local and_total-body 
radiation injuries in man and experimental 
animals has, in general, produced disappoint- 
ing results. One exception to such results has 
been the study of Momigliano and Essenberg 
(1) on the effect of pituitary extract on 
radiation-induced testicular atrophy in rats. 
They have reported that gonadophysin 
(Searle), an extract from sheep pituitaries 
which contains both follicle-stimulating and 
luteinizing hormone, hastens regeneration of 
the testes of albino rats when injections are 
begun shortly after radiation exposure and 
continued for several weeks. 

This finding is at variance with the usual 
experiences in treating radiation injuries and 
because of the possible practical importance 
of this method of treatment in human cases 
it was considered worth while to repeat and 


* Work done’ under the auspices of the AEC. 


extend this work. 

Materials and methods. A total of 172 
three-month-old and 48 thirty-day-old male 
Sprague-Dawley rats weighing 280 to 340 and 
80 to 110 g, respectively, were used. The 
animals were maintained 5 or 6 to a cage and 
given water and Purina laboratory chow ad 
libitum. ‘The details of the method of X-ray 
exposure have been given in a previous re- 
port(2). In the experiments in which body 
shielding was employed the animals were 
anesthetized with pentobarbital (40 mg/kg), 
their testes drawn into the scrotum, and their 
entire bodies, with the exception of the scro- 
tum, shielded with 6.4 mm of lead during the 
X-ray exposures. Gonadophysin (Searle), 
containing both follicle-stimulating hormone 
(FSH) and luteinizing hormone (LH) which 
are stimulatory to the seminiferous tubules 
and interstitial cells of the testis, respectively, 
was injected subcutaneously twice a week. 


Soa cen seen 
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TABLE I. Effect of Gonadotropins on X-Ray-Induced Testicular Atrophy in Adult Rats Ex- 


posed to 500 r Total Body X Radiation. 6 rats in each series. 
— 


Time of sacri- 


Wt of testes, 


fice, wk after g/100 g Testes, % of 
Treatment x-radiation Body wt, g body wt control wt 

None (controls 4 366 SOF 100 
6 372 95 100 
8 379 Di 100 
Unirradiated 12.5 RU gonado- 4 369 96 99 
physin biweekly 6 393 Aghil 96 
f 8 400 80 82 
500 r total-body X radiation 4 361 62 64 
6 362 3 41 
8 382 42 43 
500 r total-body X radiation plus 4 352 58 60 
12.5 RU gonadophysin biweekly 6 354 36 38 
8 376 3 31 


TABLE II. Effect of Gonadotropins on X-Ray-Induced Testicular Atrophy on Adult Rats Ex- 
posed to 400 r Total-Body X Radiation. 5 rats in each series. 


Time of sacri- 


Wt of testes, 


fice, wk after g/100¢ Testes, % of 
Treatment x-radiation Body wt, g body wt control wt 

None (controls) 4 329 1.09 100 
6 345, 1.10 100 
8 401 02 100 
12 388 94 100 
16 391 92 100 
Unirradiated 12.5 RU gonado- 4 308 1.08 we, 
physin biweekly for 4 wk 6 340 el 93 
8 384 87 95 
12 412 .86 sil 
16 377 .88 96 
500 r total-body X radiation 4 267 81 74 
6 318 45 41 
8 310 40 43 
12 357 238 40 
16 327 AT 51 
500 r total-body X radiation plus 4 294 61 56 
12.5 RU gonadophysin bi- 6 314 37 34 
weekly for 4 wk 8 353 B84 37 
12 329 40 43 
16 328 54 59 


At predetermined time intervals rats were 
killed with ether and their testes, ventral 
prostate, and seminal vesicles removed and 
weighed. Two groups of adult male rats were 
given a single total-body exposure to 500 r of 
X-rays. Immediately after exposure and bi- 
weekly thereafter the animals were given 12.5 
RU (rat units) of gonadophysin subcutane- 
ously. In one group the injections were con- 
tinued to the time of sacrifice at 4, 6, and 8 
weeks after radiation exposure. The second 
group received the injections for 4 weeks. 
Rats from this group were sacrificed at 4, 6, 


8,12, and 16 weeks. Two groups of immature 
rats were given 800 r in 3 equally divided 
doses 5 days apart, with the first dose given 
when the rats were 30 days old. In each ex- 
posure the entire body with the exception of 
the scrotum was shielded with lead. Imme- 
diately following the last exposure one of the 
groups was given biweekly injections of 10 
RU of gonadophysin for 8 weeks. At the end 
of this time interval the rats were sacrificed. 
The second group of immature rats was given 
biweekly injections of 10 RU of gonadophysin 
beginning 8 weeks following the last X-ray 
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TABLE III. Effect of Gonadotropins on Testicular Atrophy and Regeneration following 800 r 
(Fractionated in 3 Equal Doses) to the Scrotum of Immature Rats. 6 rats in each series. 


Time of sac- 
rifice, wk after 


Wt of testes, 


last dose of g/100 g Testes, % of 
Treatment x-radiation Body wt, g body wt control wt 
None (controls) 8 S72: 95 100 
Unirradiated 10 RU gonadophysin 8 339 91 96 
biweekly from time of X radia- 
tion to sacrifice 
800 r to scrotum in 3 doses begin- 8 318 41 43 
ning when rats were 30 days old 
@ Radiation as above. 10 RU gonado- 8 320 36 38 
physin biweekly from time of 
last X radiation to sacrifice 
None (controls) 16 380 98 100 
Unirradiated 10 RU gonadophysin 16 354 83 90 
eighth to 16th wk 
800 r to scrotum in 3 doses begin- 16 339 81 87 
ning when rats were 30 days old 
Radiation as above. 10 RU gonado- 16 347 35 38 


physin biweekly 8th to 16th wk 
following last dose of X radiation 


exposure and continuing for an additional 8 
weeks. This latter group was included to test 
the effect of the hormones on regenerating 
testes. In all the above studies 3 control 
groups of rats were used. These included 
normal rats of the same age as the experi- 
mental animals, rats receiving a similar dose 
of X-rays but no injections, and rats receiv- 
ing injections of gonadophysin but no X-ray 
exposure. 

Results. No evidence was obtained in the 
present study that gonadophysin injections 
exerted any beneficial effect on testicular 
atrophy or regeneration in rats following X- 
radiation. The data are summarized in Tables 
I-III. In general the degree of atrophy 
appeared to be somewhat greater in the 
irradiated rats receiving gonadophysin than 
in those receiving only X-radiation. This 
finding seemed to hold for both the immature 
rats receiving fractionated radiation to the 
testes alone and for adult rats receiving a 
single total-body exposure. Regeneration of 
the testes was incomplete by 16 weeks follow- 
ing irradiation in the case of adult rats ex- 
posed to 500 r, although the data shown in 
Table II suggest that regeneration was pro- 
gressing both in the animals exposed only to 
X-rays and in those exposed to X-rays and 
injected with gonadophysin. The small differ- 


ences in degree of regeneration are not consid- 
ered significant in view of the individual 
variations found between rats of the same 
group. 

In the case of 30-day-old rats exposed to 
800 r in fractionated doses, regeneration was 
practically complete by 16 weeks following 
irradiation. It is apparent from Table III 
that when gonadophysin was administered 
during the time when regeneration was oc- 
curring in the irradiated controls (8th to 16th 
week), such regeneration was completely in- 
hibited in the gonadophysin-treated rats. 

The weights of the accessory sex organs are 
not included in the tables since in no instance 
was there a significant difference between the 
weights found for gonadophysin-injected and 
uninjected rats. The changes in weight of 
these organs following X-radiation paralleled 
the changes seen in the testicular weights. 

Gonadophysin alone was found to produce 
a slight but consistent degree of testicular 
atrophy in all the groups studied (Tables 
I-II1). 

Discussion. Injections of gonadophysin 
neither prevented atrophy nor increased re- 
generation in the testes of adult rats exposed 
to 500 r of X-radiation or of immature rats 
exposed to 800 r to the testes in divided doses. 
With each dosage schedule the gonadophysin 
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slightly intensified the atrophy. Regeneration 
of the testis was inhibited in the experiment 
in which gonadophysin was given during the 
period in which regeneration would normally 
occur. This observation is in disagreement 
with that of Momigliano and Essenberg, who 
found a beneficial effect from injection of these 
hormones(1). In that study, 30-day-old rats 
were given 800 r to the scrotum in 3 divided 
doses at the same intervals employed in the 
present experiments. The injections given 
were similar although the time intervals used 
by Momigliano and Essenberg differed slightly 
from those used here. From their description 
of the changes induced it is evident that far 
more degeneration was seen by them than was 
found in the present study. The reasons for 
these discrepancies are not apparent. 


Five hundred roentgens delivered in single 
doses to the entire body of adult rats pro- 
duced more severe testicular atrophy and 
slower regeneration than did 800 r in 3 divided 
doses delivered only to the testes of immature 
rats. It is not known as yet whether this 
effect is due to additional deleterious effects 
produced by total body irradiation, such as 
disturbance of other hormone systems, anemia, 
weight loss, etc., whether fractionating the 
dose simply produces less effect even though 
the total amount given is higher, or whether 
the age of the animals is responsible for the 
difference. 


Neither dose of X-radiation was sufficient 
to produce sterilization. Microscopic sections 
which were taken in all cases indicated that 
some mature spermatozoa were present. It 
is not known whether gonadotropic hormones 
would exert any beneficial effect on rats given 
enough X-radiation to produce complete 
sterility. Such an effect seems doubtful in 
view of the fact that at lower doses atrophy 
is intensified by the injections. 


The interstitial cells of the testes are gen- 
erally believed to be relatively resistant to 
radiation damage(3-7). A number of inves- 
tigators have prevented atrophy of the acces- 
sory sex organs following irradiation by in- 
jecting compounds rich in leuteinizing hor- 
mone(8-10). There have also been reports of 
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questionable hyperplasia of interstitial cells 
following irradiation alone(4). In the present 
study there was no histologic evidence of 
radiation damage to the interstitial cells. It 
appeared, however, that there was a functional 
depression since the accessory organs which 
depend on androgens secreted by the inter- 
stitial cells for their maintenance of normal 
size become atrophic. Injections of gonado- 
physin, a compound containing luteinizing 
hormone, did not prevent atrophy of these ac- 
cessory organs in X-rayed rats even though 
luteinizing hormone is believed to stimulate 
specifically the interstitial cells and increase 
the androgen output. 

Summary. A study has been made on the 
effect of gonadophysin (Searle), an extract 
from sheep pituitaries which contains both 
follicle-stimulating and luteinizing hormone, 
on radiation-induced testicular atrophy in rats. 
Adult and immature male rats were given 
single exposures of 500 r total-body X-radia- 
tion and 800 r of X-radiation to the testes 
only in 3 fractionated doses, respectively. 
Gonadophysin was injected twice weekly for 
the first 4 to 6 weeks or from the 8th to 16th 
week following radiation exposures to evaluate 
the effectiveness of this agent on testicular 
atrophy and regeneration. Gonadophysin was 
found to increase slightly the degree of testicu- 
lar atrophy and to inhibit testicular regenera- 
tion in rats. 


1. Momigliano, E., and Essenberg, J. M., Radio., 
1944, v42, 273. 

2. Storer, J. B., Sanders, P., and Lushbaugh, C. C., 
Proc. Soc. Exp. Biot. AND Mep., 1952, v81, 541. 

3. Heller, M., In Histopathology of Irradiation 
from External and Internal Sources, ed. by W. Bloom, 
McGraw-Hill, New York, 1948, pp 550-597. 

4. Liebow, A. A., Warren, S., and de Coursey, E., 
Am. J. Path., 1949, v25, 953. 
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Chromatographic Separation of Heparin and Chondroitin Sulfate.* (20327) 


GRACE P. KERBY. 
From the Department of Medicine, Duke University School of Medicine, Durham, N. C. 


In a recent communication, Rienitis(1) has 
contributed interesting and useful data con- 
cerning the electrophoresis of acid mucopoly- 
saccharides on filter paper. Certain mixtures 
of acid mucopolysaccharides have been re- 
solved by the method, but the separation of 
heparin and chondroitin sulfate was not ac- 
complished, due to the slightly different mo- 
bilities of the substances. It is of interest to 
note that such separation can be achieved 
chromatographically. The writer’s current 
investigations are concerned with acid muco- 
polysaccharides as found in biological ma- 
terials of human and animal source. In the 
course of these studies, chromatographic tech- 


CHONDROITIN 
~ SULFATE 
~ MIXTURE — 
HEPARIN — 


nics have been used, the filter paper strips 
(Whatman No. 1, 44 cm) being stained by a 
method developed in this laboratory and 
similar to that used by Rienitis. The ac- 
companying photograph (Fig. 1) shows the 
distinct separation of a mixture of chondroitin 
sulfate and heparin. The ascending chroma- 
togram was developed with 25% propanol in 
M/15 phosphate buffer at pH 6.4 for 33 
hours at 4°C. Heparin Sodium (Liquaemin; 
Organon, Inc.) and Chondroitin Sulfate (Gen- 
eral Biochemicals, Inc.) were used in the 
present study. Results of the application of 
this technic in the investigation of biological 
materials will be incorporated in later reports. 


starting 
line — 


FIG. 1. Paper chromatographic separation of chondroitin sulfate and heparin. 


* This work was supported in part by a grant 
from the National Microbiological Institute of the 
National Institutes of Health of the Public Health 


Service and by the Baxter Laboratories, Inc. 
1. Rienitis, K. G., Biochem. J., 1953, v53, 79. 
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Study of the Effect of Hematoporphyrin on Hypophyseal-Adrenal 


Relationships.* 


(20328) 


GEORGE C. Peck, H. PATTERSON MACK, AND FRANK H. J. FIGGE. 
From the Department of Anatomy, University of Maryland, School of Medicine, Baltimore. 


It had been shown(1) that porphyrins in- 
jected into ovariectomized mice produced a 
series of estrous reactions, which reoccurred 
after the porphyrin injections were discon- 
tinued. It had also been shown that injec- 
tion of porphyrins into amphibians caused a 
release of the melanophore-expanding hor- 
mone from the intermediate lobe of the hypo- 
physis(2). It was, therefore, concluded that 
porphyrins had a stimulatory effect on the 
hypophysis and that the reactions following 
porphyrin injections were related to the secon- 
dary stimulation of the adrenal cortex, gonads, 
or melanophore system(3). When one of us 
attempted to induce estrous reactions by in- 
jecting porphyrin into ovariectomized mice, 
vaginal smears indicative of pseudo-estrous 
were obtained, but the results were not con- 
sidered conclusive. Other methods to test the 
possible stimulatory influence of porphyrins 
on the hypophysis were then devised. In order 
to study any potential hypophyseal stimu- 
lator, the degree of specificity of response of 
the hypophysis should be evaluated. At the 
time that ACTH and Cortisone became popu- 
lar therapeutic agents, it seemed desirable to 
devise a method of stimulating the hypophy- 
sis to produce greater amounts of ACTH, 
and it was hoped that hematoporphyrin would 
give rise to such specific stimulation. 

The hypothesis involved in these experi- 
ments was also based on the observations of 
Nelson(4), who demonstrated that Cortisone 
had a definite inhibitory effect on anaphy- 
laxis in the mouse. Since ACTH stimulates 
the adrenal cortex to elaborate Cortisone and 
Cortisone-like compounds, it was postulated 
that if porphyrin stimulated hypophyseal 
ACTH output, it might thus have an indirect 
Cortisone-like influence on anaphylaxis in the 
mouse. These experiments, therefore, in- 


* This work was supported by grants from the 
Anna Fuller Fund, the American Cancer Society, 
Maryland Division, and the National Institute of 
Health of the U. S. Public Health Service. 


volved studies on the influence of porphyrins, 
ACTH, Cortisone, and stress on anaphylaxis 
in the mouse. It will be shown that Cortisone 
did indeed prevent death from anaphylactic 
shock in the mouse(4) and that high doses 
of porphyrin also protected mice from an- 
aphylactic shock. ACTH and low doses of 
porphyrin and various forms of stress either 
had no protective effect or increased the inci- 
dence of death from shocking doses of horse 
serum. 

Methods and materials. The 446 mice used 
in these experiments were of the LCS,,t 
Strong A, and C3H strains. They were sensi- 
tized by injecting 1 cc of neutral undiluted 
horse serum? intraperitoneally every second 
day until a total of 4 cc had been administered 
to each mouse. This procedure is essentially 
the same as the method used by Mayer and 
Brousseau(5). After a sensitization period of 
2 weeks to 2 months, each mouse received 1 cc 
of the same antigen by a rapid injection into 
the tail vein. The groups of mice were divided 
into control and experimental groups. The 
controls received no injections in the interim 
prior to the shocking dose of horse serum, 
except a few groups that received injections 
of physiological saline. Mice in the experi- 
mental groups received either hematopor- 
phyrin, aqueous ACTH, Cortisone, or stress 
treatment 4-48 hours before the shocking dose 
of horse serum. The hematoporphyrin was 
given intraperitoneally; the ACTH and 
Cortisone intramuscularly. The dosages 
given to the various groups and the results are 
indicated in Table I. The 4 and 6 mg total 
doses of hematoporphyrin were divided into 
individual doses of 2 mg each, administered 
24 and 4 or 48, 24, and 4 hours before the 
administration of a shocking dose of horse 
serum. When a sensitized control mouse was 
given | cc of horse serum by tail vein injection 


t The LCS, strain was developed in this laboratory 
by crossing a CBAN with the Strong A mouse. 
+ Wyeth (without preservative) 
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TABLE I. Influence of Various Agents and Procedures on Survival of Sensitized Mice 
Injected with Shocking Doses of Horse Serum. 
Difference Difference/ 
ne No. % from S.E. of 
Drug inj. Dose,mg No.mice survived survived control S.E.,% difference 
Controls 148 38 26 3.6 
Hematoporphyrin .6- 2 45 3 6.6 —20) Sul 3.9 
es 4-6 86 39 45.3 -+-19 5.4 2.9 
ACTH 2 -10 89 25 28 + 2 4.7 3 
Cortisone 3 4] 41 100 +74 0 20) 
Stress 
Phenol 19 0 0 —26 0 7.2 
‘Air jet 18 ibs 5.5 —21 5.1 3.3 


after a normal sensitizing period, the mouse 
usually died. The criterion for a protective 
effect of any treatment was simply based on 
whether a significantly greater percentage of 
the mice survived such a shocking dose of 
horse serum. 

Observations and results. The number of 
mice in each group and the treatment received 
are shown in Table I. This also gives the 
number of mice that survived such treatment 
and the percentage of survival along with the 
standard error and an estimate of the signifi- 
cance of the differences observed. In all, 148 
control mice were sensitized, and 38 of these 
survived a shocking dose of 1 cc of horse 
serum. This is a 26% survival. Forty-five 
mice were injected with low dosages of hema- 
toporphyrin (0.6 mg to 2 mg). Only 3 of 
these survived the shocking dose of horse 
serum. This is a 6% survival. The differ- 
ence between this and the control group was 
fairly large (20%) and appeared to be sta- 
tistically significant. 

When mice were injected with 4-6 mg of 
hematoporphyrin in divided doses 2 days be- 
fore they received the shocking dose, a total of 
39 (45%) of the 86 mice survived. This 
differs from the control group by 19% and 
involved a relatively large number of animals. 
Since this difference was 2.9 times the stand- 
ard error of the difference, it is felt that high 
doses of porphyrin exerted a protective in- 
fluence. The per cent survival of the mice 
receiving 4 and 6 mg of hematoporphyrin 
were so nearly the same that they were 
grouped together. 

Eighty-nine of the sensitized mice were in- 
jected with aqueous ACTH (2-10 mg); one 
half of the dose was given 24 hours; the other 


half 4-6 hours before the administration of a 
shocking dose of horse serum. Twenty-five of 
the 89 mice or 28% survived. This is only 
2% more survivors than in the control group. 
It was concluded that ACTH did not protect 
mice from anaphylactic shock. 

In contrast, the protective effect of Corti- 
sone was most striking. Forty-one of the 
sensitized mice were injected with 3 mg of 
Cortisone 20 hours before the intravenous in- 
jection of horse serum. All of the 41 mice 
survived. The difference between that and 
the control group was 74% or 20 times the 
standard error of the difference and is, there- 
fore, highly significant. 

As indicated in the table, 2 types of stress 
were used in the attempt to evaluate the in- 
fluence of stress reactions on anaphylactic 
shock. Nineteen of the mice were injected 
with 0.5 cc and 0.25 cc of 0.5% phenol 24 and 
4 hours before the shocking dose of horse 
serum. None of these mice survived. Eighteen 
of the mice were subjected to an air jet for 
2 minutes, 24 and 4 hours prior to the injec- 
tion of a shocking dose of horse serum. Only 
1 mouse survived. At the time when the 
shocking dose was administered, the physical 
appearance and behavior of the mice in both 
the phenol-treated and air jet-stressed groups 
was normal. Neither of these procedures pro- 
tected mice from anaphylactic shock, but on 
the contrary, had an adverse effect which was 
found to be statistically significant. 

In studying the effect of stress or alarm 
reactions on anaphylactic shock in egg- 
albumin-sensitized guinea pigs, Leger, Leith, 
and Rose(6) found that mild stress protected 
the animals from anaphylactic shock. How- 
ever, if severe stress and alarm reactions were 
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elicited, and a shocking dose of egg albumin 
was given a few hours later, but before the 
alarm reaction had subsided, it actually ag- 
gravated the anaphylaxis. This may possibly 
explain some of our low survivals in the group 
of mice stressed with phenol injections and 
air jets. 

Summary and conclusions. 1. Four hundred 
and forty-six mice were sensitized to horse 
serum, and 295 of these were treated with 
ACTH, Cortisone, hematoporphyrin, phenol, 
and air jets, in order to compare their influ- 
ence on the survival of these mice when given 
a shocking dose of horse serum. 2. Twenty- 
six percent or 38 of 148 control mice sensitized 
to horse serum survived. 3. One hundred per- 
cent (41) of the horse serum-sensitized mice 
survived a shocking dose when treated with 
3 mg of Cortisone 24 hours prior to the injec- 
tion of 1 cc of horse serum. 4. ACTH failed 
to protect sensitized mice from shocking doses 
of horse serum, as did low doses of hemato- 
porphyrin and stress procedures. Both of the 
latter procedures appeared to increase the 
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incidence of death from anaphylaxis. 5. He- 
matoporphyrin in doses of 4-6 mg protected 
mice from shocking doses of horse serum, 
since a significantly higher percentage (45%) 
of the mice survived. 6. While our evidence 
indicates that high doses of hematopor- 
phyrin protect mice from anaphylactic shock, 
no conclusions can be drawn concerning the 
hypothesis that porphyrins stimulate the 
hypophysis, because ACTH failed to exhibit 
any influence on anaphylaxis. 


1. Rodewald, W., Arch. Exp. Path. and Pharmacol., 
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Effects of X-Irradiation and Cysteine Injection on Enzyme Systems of 


Rat Tissues.* 


(20329) 


Marte A. FISCHER, ELLEN Purvis COULTER, AND MICHAEL J. COSTELLO. 
(Introduced by W. S. McEllroy.) 


From the Department of Physiological Chemistry, School of Medicine, University of Pittsburgh. 


Barron and his co-workers(1) reported that 
purified sulfhydryl-containing enzymes are in- 
activated by small amounts of x-rays and that 
the activities can partially be restored by 
glutathione. In the rat the oxidations of sub- 
strates requiring sulfhydryl-enzymes were 
shown to be diminished in all tissues, except 
the thymus, as a result of whole body x-ir- 
radiation(2) and it was demonstrated by 
Patt, Tyree, Staube and Smith(3) that 
cysteine or glutathione, administered prior to 
exposure, increased the number of animals 
able to survive a lethal dose of x-rays. Lude- 
wig and Chanutin(4) found no change in the 
activity of rat liver catalase and certain other 


* This work was supported by the Atomic Energy 
Commission. 


non-thiol enzymes but Feinstein, Butler and 
Hendley(5) demonstrated that a reduction in 
liver catalase activity follows the exposure of 
the whole mouse to x-rays. Barron(2) found 
that the oxidation of added succinate by 
kidney slices was depressed as a result of 
x-ray treatment, but LeMay(6) failed to find 
a decrease in the succinoxidase or cytochrome 
oxidase activities of kidney homogenates or 
slices. Citrate synthesis in the spleen, thy- 
mus, ileum, pancreas and testes of the rat is 
depressed by lethal doses of x-ray(7) but the 
activities of succinoxidase, adenosinetriphos- 
phatase, and other sulfhydryl enzymes of 
several tissues were unaffected. More recent- 
ly Ashwell and Hickman(8) showed that 


whole body irradiation does not affect spleen 
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succinoxidase but increased the spleen ATP- 
ase of the mouse. 

In the present experiments the activities 
of two sulfhydryl enzymes (succinoxidase and 
adenosinetriphosphatase) and two non-sulf- 
hydryl enzymes (lactic dehydrogenase and 
cytochrome oxidase) were determined in the 
kidneys, livers and spleens of untreated and 
cysteine-injected rats all of which had been 
exposed to a lethal dose of x-rays. The data 
show that spleen succinoxidase activity was 
depressed by x-ray treatment and that the 
decrease was less pronounced if the animals 
were injected with 1-cysteine either before or 
after exposure to the rays. 


Methods. Female Carworth Farms rats 
weighing 150 to 200 g were used in these ex- 
periments. The irradiated animals received 
800 r total body x-radiation (200 kv, 20 m.a. 
with 0.5 mm Cu and 1 mm Al filters) at a 
rate of 18.5 r/min. When l-cysteine was ad- 
ministered an intraperitoneal injection of 875 
mg/kg of body weight was given. A 15% 
cysteine solution, neutralized to pH 7.2 was 
prepared immediately before use. In each 
experiment 4 similarly treated animals were 
killed by decapitation and their tissues were 
pooled in order to have sufficient quantities of 
each tissue to assay for the 4 enzymes. The 
livers and spleens were analyzed immediately 
for lactic dehydrogenase(9), succinoxidase 
and cytochrome oxidase(10). The kidneys, 
however, were stored for one hour in the 
freezing compartment of the refrigerator be- 
fore they were homogenized for assay. 
Homogenates were prepared in a _ Potter- 
Elvehjem type homogenizer and the analyses 
were made in the Warburg apparatus at 37° 
with air as a gas phase. In a later series of 
experiments succinoxidase and cytochrome 
oxidase activities were measured on the sepa- 
rate spleens of individual animals. Since these 
analyses were made at 38°C, temperature will 
be recorded in the tables of data. ATP-ase 
activities of the liver, spleen and kidney 
tissues were determined by the method of 
DuBois and Potter(11) as soon as possible 
after the animals were sacrificed. The amount 
of inorganic phosphorus liberated from ATP 
in 15 minutes at 37°C was measured by the 
Fiske and Subbarow procedure. 
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EXPERIMENTAL DAYS 


FIG. 1. Changes in the spleen succinoxidase activ- 

ity of X-irradiated (x), cysteine-inj. and irrad- 

iated (©) and of cysteine inj. rats (@). The 

solid line represents the mean value of the spleen 

succinoxidase activities of untreated controls and 

the dotted lines, twice the stand. error of this 
mean. 


Results. The activities of adenosinetriphos- 
phatase, succinoxidase, cytochrome oxidase 
and lactic dehydrogenase from the kidney 
were not affected by whole body x-irradiation. 
Furthermore, the injection of l-cysteine into 
normal animals or pretreatment of irradiated 
animals with cysteine had no significant effect 
on the activities of these 4 enzymes. Similar 
results were obtained for the enzymes of liver. 


A survey experiment was also carried out 
on the enzymes of the spleen. With one ex- 
ception, spleen succinoxidase, no significant 
difference could be shown to exist between the 
activities of the spleen enzymes of the normal 
and treated groups of animals. Plots of the 
data were made to determine whether a tem- 
porary change in the enzyme activities had 
occurred. In the case of ATP-ase, cytochrome 
oxidase and lactic dehydrogenase, the values 
for each experimental day were randomly 
distributed. The succinoxidase values from 
spleens of irradiated animals, however, were 
depressed during the first week after irradia- 
tion (Fig. 1) and minimal values were reached 
about the second experimental day. This re- 
duction in succinoxidase activity was pre- 
vented by administration of l-cysteine prior 
to the irradiation, although there is no evi- 
dence that l-cysteine administered to unex- 
posed animals affects the enzyme in any way. 
Because of these findings it seemed worthwhile 
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TABLE I. Effects of X-Irradiation and Pre- and Post-Irradiation Injections of 1-Cysteine on 
Spleen Succinoxidase.* 


No. of Spleen Spleen 30-day sur- 

assays succinoxidaset wt, gt vival, %t 
Control 30 19.2 + .5 403 100 
Irradiated 29 ie AG 195 0 
Cysteine inj. + irradiated 29 GO) cere ot) 241 60 
Irradiated + cysteine inj. 30 18.3 + .8 2g 10 
Cysteine inj. 22 18.7 + .4 437 100 


* Values expressed as mm* O,/mg dry wt/hr at 38°C. 

t Figures are averages of determinations made from 2 hr through 4 days after treatment. — 
Stand. errors of the mean are recorded for the enzyme assays. ; 

¢ The 30-day survival was determined in a separate experiment. Each group consisted in- 


itially of 10 rats. 


to reinvestigate the succinoxidase activities 
but to limit the study to the first four experi- 
mental days. Animals were therefore sacri- 
ficed either 2 hours, 1, 2, 3, or 4 days after 
treatment and succinoxidase of the individual 
spleens were determined. Spleens from nor- 
mal control animals were assayed in parallel 
experiments and the results given in Table I 
show that spleen succinoxidase was signifi- 
cantly (t = 5.5) depressed following exposure 
to x-rays. Pretreatment with l-cysteine pre- 
vents this decrease in succinoxidase and in- 
creases the number of survivors. The two 
effects are unrelated for the same quantity of 
l-cysteine, given to animals after they had 
been exposed to the x-rays (Table I), gave 
practically no protection as measured by 
survival or spleen weight even though it did 
prevent to a large extent the decrease in spleen 
succinoxidase activity. 

Discussion. Ashwell and Hickman found 
irradiation had no effect on the succinoxidase 
of mouse spleen(8). They averaged data over 
a comparatively long post-irradiation period. 
As shown in Fig. 1 to demonstrate the effect, 
determinations must be made within a few 
days after exposure. Ashwell and Hickman 
(8) reported a 4-fold increase in spleen ATP- 
ase but based their calculation of enzyme ac- 
tivity on the nitrogen or phosphorus content 
of the spleen whereas our activities were 
based on the dry weight of the tissue. On 
this basis we found no difference. 


Conclusions. 1. Whole body x-irradiation 
has no effect on the adenosinetriphosphatase, 
cytochrome oxidase or lactic dehydrogenase ac- 
tivities of spleen, liver or kidney of rats. 2. 
Succinoxidase activity was reduced in the 
spleen of irradiated rats but remained normal 
in the liver and kidneys. 3. The in vivo in- 
hibition of spleen succinoxidase by x-rays 
could be prevented by either pre- or post- 
irradiation injection of l-cysteine. 
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Effect of Crystalline Trypsin on the Raw Soybean Growth Inhibitor. (20330) 


H. J. ALMquist AND J. B. MeErritr. 
From the Grange Company, Modesto, Calif. 


In a previous report(1) we showed that 
trypsin (1-300) fed at 0.15% of the diet 
neutralized most of the effect of the growth 
inhibitor present when one-fourth of the pro- 
tein in the diet of the chick was provided as 
raw soybean meal. This relative amount of 
raw meal caused practically as much growth 
inhibition as did higher proportions. It has 
been indicated that the substance in crude 
trypsin, which is able to reverse the action of 
the soybean growth inhibitor in rat diets, is 
not trypsin but some associated impurity (2). 
In a critical test of this question we have fed 
crystalline lyophilized trypsin in chick diets 
containing raw soybean protein. 

Methods. The procedure was the same as 
previously described(1). Chicks were care- 
fully selected for uniform size and vitality and 
then divided equally into pens of 9 each. 

Results. The results of 2 experiments are 
given in Table I. These show a distinct in- 
crease in weight gains when the crystalline 
trypsin was added. 

Discussion. It is not certain that the 
amount of trypsin added was optimal, but this 
amount was clearly sufficient to demonstrate 
the anti-inhibitor activity of highly purified 


TABLE I. Effect of Crystalline Trypsin on the 
Growth Inhibition Caused by 5% Raw Soybean 
Protein in Chick Diets.* 


Avg wt of chicks, g 
Trypsint added — 


to 5% raw pro- Exp. 1, Exp. 2, 
tein diet, % 25 days 27 days 
.00 191.4 206.6 
05 223.9 244.3 


* Diets contained a total 20% soybean protein 
plus 0.3% methionine. 

+ Worthington Biochemical Sales Co., erystal- 
lized, lyophilized trypsin. 


trypsin. We have shown that a low level of 
trypsin may exert no discernible effect, pre- 
sumably because a low level may be com- 
pletely inactivated in the presence of a surplus 
of the antitrypsin known to be present in the 
raw meal(1). Enough trypsin must be added 
to neutralize the antitrypsin to the extent that 
proteolytic enzymes secreted by the animal 
may be allowed a moderate to complete free- 
dom of action. 


1. Almquist, H. J., and Merritt, J. B., Proc. Soc. 
Exe. Brov. AND MeEp., 1952, v79, 277. 

2. Borchers, R., and Ackerson, C. W., Proc. Soc. 
Exp. Brov. anp Mep., 1951, v78, 81. 
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Application of Thermistor to Measurement of Subcutaneous Temperatures 


During Hydrothermal Injury in the Rat.* 


RICHARD S. GRAY AND A. E. AXELROD. 


(20331) 


(Introduced by Alan R. Moritz.) 


From the Institute of Pathology and the Department of Biochemistry, Medical School, 
Western Reserve University, Cleveland, O. 


During the course of experiments conducted 
in this laboratory on the biochemical changes 
in skin resulting from hydrothermal exposure 
of the anesthetized rat(1), it became neces- 
sary to obtain a continuous recording of the 


* This work performed under contract between 
the U. S. Atomic Energy Commission and Western 
Reserve University. 


subcutaneous temperatures in areas of skin 
exposed at 50°-70°C. The present paper de- 
scribes an apparatus incorporating a_ther- 
mistor as the temperature-sensing element 
which has been used successfully during the 
past year for this purpose. 


Development of the apparatus. In develop- 
ing a suitable apparatus, it was recognized 
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that the temperature-sensing element which 
was to be placed under the skin must neces- 
sarily be very small and must possess a very 
low thermal capacity in order to permit an 
immediate and accurate recording of the tem- 
perature changes (30°-70°C) in the surround- 
ing medium. Since a continuous temperature 
recording was desired, it was imperative that 
a recording instrument be incorporated. 

The application of the thermocouple to the 
present problem was given first consideration. 
Extremely small needle thermocouples in 
which the thermocouple junction is placed in 
the end of a hypodermic needle can be con- 
structed from commercially available thermo- 
couple wire and stainless steel hypodermic 
tubing(2-4). Thermocouples, however, have 
their disadvantages when used for low tem- 
perature measurements. The signal resulting 
from a temperature change of a few degrees is 
very small, of the order of microvolts. The 
leads connecting the junctions and the indi- 
cating instrument must be of the junction 
metals. Any inhomogeneity, either of com- 
position or structure, in the leads will produce 
spurious potentials if subjected to a tempera- 
ture gradient. Finally, there is the necessity 
for maintaining a constant reference junction 
temperature. The accuracy of the thermo- 
couple is no better than that of the tempera- 
ture of the reference junction. 

These drawbacks to the thermocouple di- 
rected our attention to the application of other 
devices of electrical thermometry. For many 
years the changes in resistance of certain ma- 
terials, ¢.g., platinum wire, with changes in 
temperature have been used as the principle 
of many thermometric devices. In 1945, a 
new circuit element, the thermistor, was intro- 
duced. The thermistor is a resistor made of a 
semi-conductor with a negative thermal co- 
efficient of resistance as high as 4.7% per de- 
gree C(5). Thermistors are being used ex- 
tensively for current control and temperature- 
sensing elements. They are made in a large 
variety of sizes and shapes. One of the 
smallest sizes currently available is a glass- 
covered bead 0.015” in diameter. Its resist- 
ance at 20°C is 2000 ohms, which falls to 
900 ohms at 50°C. A temperature change 
from 20° to 50°C will produce a voltage 
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change of 0.110 volt with only 0.0001 am- 
pere flowing through the thermistor. In con- 
trast, an iron-constantan thermocouple will 
produce only 0.0015 volt with the same tem- 
perature differential. Thus, with the thermis- 
tor it is possible to use a much less sensitive 
indicating element or to eliminate the ampli- 
fication used with the thermocouples. The 
meter zero may be set at any temperature up 
to 150°C by adjusting the balance of the 
bridge. The necessity for maintaining a ref- 
erence temperature is obviated. The resist- 
ance of the thermistor is high enough that 
normal changes in the resistance of the leads 
may be neglected. Any instability resulting 
from resistance changes of the other resistors 
in the circuit can be compensated by a vari- 
able resistor. 


Drummeter and Fastie(6) have successfully 
applied the thermistor to the measurement of 
blood temperature and their experiences led us 
to attempt the adaptation of the thermistor to 
our needs. Thermistors have also been em- 
ployed to measure the very small temperature 
changes occurring in an enzyme-catalyzed re- 
action(7). Western Electric No. 27A ther- 
mistor glass-covered beads, 0.015” in di- 
ameter and 0.020” long, with both leads com- 
ing from the same end, are employed in the 
present study. The leads are 0.001” platinum 
wire and are 3%” long. Thermistors with 
longer leads are available commercially. 
permit insertion under the skin, the thermistor 
bead is placed in the end of a 4” piece of 24- 
gauge stainless steel needle tubing (Fig. 1). 
The lumen at one end of the needle is en- 
larged with a No. 78 drill (0.016’’) to receive 
the thermistor. The needle is then sharpened 
in the usual manner and the back end of the 
bevel extended as shown in Fig. 1. After 
honing the point, removing burrs from the 
edges and washing to remove abrasive, the 
point is ready to receive the bead. The lead 
wires should be coated twice with insulating 
varnish thinned with benzene. The bead is 
covered with cement to insulate it from the 
needle and worked into place, leaving the 
upper surface of the bead exposed. The ce- 
ment should not contain a solvent which can 


Victory Engineering Corp., Newark, N. J. 
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FIG. 1. Diagram of the thermistor needle-type 
thermometer. A, glass-covered thermistor bead; 


B, insulated leads; ©, needle tubing; D, portion 

of the needle wall ground off to expose the top 

of the bead; E, cement holding the bead in po- 
sition. 
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FIG. 2. Wheatstone bridge circuit used with W.E. 

thermistor No. 27A for measuring temperatures in 

the range from 35° to 60°C. A and B are selected 

to give a linear relationship between temperature 

of the thermistor T and deflection of the meter M. 

C and R are adjusted for balance and desired sen- 
sitivity, respectively. 


dissolve the insulation from the wires. A 
handle may be constructed on the other end 
of the needle and provision made to connect 
the wires which go to the bridge. 

The relationship between temperature and 
resistance of a thermistor is non-linear as is 
the off-balance current of a Wheatstone bridge 
with respect to changes in thermistor resist- 
ance. Using a 1:1:1:1 bridge circuit, these non- 
linearities compensate adequately for a range 
of 10°C, yielding a linear meter-temperature 
curve. Drummeter and Fastie(6) obtained 
linearity over a 20°C range by using a zero- 
center meter and measuring 10°C above and 
below the bridge balancing point. In order to 
obtain linearity over a greater temperature 
range with the left-center recording meter 
available to us, it became necessary to modify 
the resistance values as shown in Fig. 2. The 
bridge is balanced at 35°C. by means of the 
variable resistor at C. With the thermistor 
at 60°C, R is adjusted to give full scale de- 
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flection. With the zero and full scale readings 
set as above, the shape of the meter-tempera- 
ture curve will change with changes in A:T. 
Further modification may be effected by 
changing the ratio A:B and the resistance of 
the meter M. Increasing A:B to 1:10 or more 
will improve the linearity of meter vs. resist- 
ance without necessarily improving the linear- 
ity of the meter vs. temperature curve(8). 
For calibration purposes, the thermistor re- 
sistance was measured at a number of known 
temperatures over the desired temperature 
range (25°-70°C) by immersing the ther- 
mistor in a stirred water bath whose tem- 
perature was determined with a National 
Bureau of Standards calibrated thermometer. 
In order to facilitate the checking of the 
linearity of the meter and its calibration, 
these resistance values could be substituted 
for the thermistor by means of a decade re- 
sistance box. 


With the thermistor utilized in our appara- 
tus, the resistance values shown in Fig. 2 give 
a linear meter deflection from 35° to 60°C 
within 0.05°C. When a chart record is de- 
sired, the meter is paralleled with a G-E 
photoelectric self-balancing potentiometer mil- 
livoltmeter with a sensitivity of 50 millivolts 
full scale and R adjusted for full scale re- 
cording meter deflection. For a more accu- 
rate fast response of the millivoltmeter, the 
microammeter should be replaced with a re- 
sistance whose value is that of the resistance 
of the meter. 


The manufacturing tolerances on_ ther- 
mistors are + 25%, and if more than one ther- 
mistor is to be used with one bridge, compen- 
sation may be added to the individual ther- 
mistor units by the method described by L. J. 
Anderson(9). This will match several ther- 
mistors at 2 points on the temperature- 
resistance curve at a slight sacrifice of sen- 
sitivity. 

The needle-type thermistor thermometer 
described above has been used extensively in 
our laboratory to obtain a continuous record- 
ing of abdominal subcutaneous temperatures 
in areas of skin subjected to temperatures 
ranging from 50° to 70°C for varying periods 
of time(1). The needle was inserted under 
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FIG. 3. Subcutaneous temperatures in a rat exposed to circulating water at 55°C. The rat was 
placed in water bath at T = 0 sec. and removed at T = 180 sec. 


the skin before exposure, its position being 
verified by dissection following the thermal 
episode. A typical example of a subcutaneous 
temperature curve is shown in Fig. 3. 


Summary. A simple and sensitive thermo- 
electric device for the measurement of tem- 
perature has been described which incorpo- 
rates the thermistor as the temperature-sens- 
ing element. As a needle-type thermometer, 
this apparatus has been used extensively in 
our laboratory to obtain continuous recordings 
of abdominal subcutaneous temperatures at- 
tained during the production of hydrothermal 
burns in rats. On the basis of the many ad- 
vantages inherent in this apparatus, its fur- 
ther utilization for temperature measurements 
in biological studies is advocated. 
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Resistance to Folic Acid Analogues in a Strain of Streptococcus faecalis.* 


(20332) 


Cuares A. NIcHOL,t? SIGMUND F. ZAKRZEWSKI,+ AND ARNOLD D. Wetcu.} 


From the Department of Pharmacology, School of Medicine, Western Reserve University, 
Cleveland, O. 


The possibility that organisms which are 
resistant to certain antagonists of folic acid 


* This investigation was supported, in part, by a 
research grant from the Division of Research Grants 
and Fellowships of the National Institutes of Health, 
U. S. Public Health Service, and, in part, by a grant 
from the Lederle Laboratories 
American Cyanamid ‘Co. 

t Scholar in Cancer Research of the American 
Cancer Society. 


Division of the 


possess or develop the ability to convert such 
analogues to metabolically active compounds 
has formed an attractive hypothesis. Aminop- 
terin (4-amino-pteroylglutamic acid) is readi- 


+ Present address: Department of Pharmacology, 
Yale University School of Medicine. 

§ We are indebted to Dr. Joseph H. Burchenal and 
Dr. Dorris J, Hutchison for cultures of the antag- 
onist-resistant strains of S. faecalis and Leuconostoc 
citrovorum. 
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ly converted to pteroylglutamic acid (PGA) 
by alkaline hydrolysis(1). Kidder et al.(2) 
observed that Aminopterin and Methopterin 
(10-methyl PGA) promoted the growth of a 
species of Tetrahymena and suggested that 
this organism possesses enzymes capable of 
deaminating and demethylating these antago- 
nists. Hutchison and Burchenal(3) also sug- 
gested that an antagonist-resistant strain of 
Streptococcus faecalis(4) utilizes in a similar 
manner these and related analogues for 
growth. In preliminary experiments designed 
to test this concept by measurement of pre- 
cursors of citrovorum factor (CF) which 
might be derived from the antagonists, tech- 
nics were developed for the separation of 4- 
amino and 4-hydroxy pteridines(5). 

It has been found, employing paper chroma- 
tographic technics, that the folic acid-antago- 
nists which are presently available contain 
sufficient PGA and pteroic acid to account for 
the apparent “utilization” of the analogues bv 
S. faecalis. The remarkable increase in the 
resistance to certain folic acid antagonists 
which had been induced in the strain of S. 
faecalis studied(4) can be explained, in part, 
by its more effective utilization of PGA and 
pteroic acid, as shown in these studies. Similar 
observations were reported recently by Hutch- 
ison and Burchenal(6). That other phe- 
nomena are involved in the development of 
resistance will be discussed in detail in a 
subsequent communication. 

Methods. Microbial assays—Streptococcus 
faecalis (ATCC 8043) was used for the micro- 
bial determination of folic acid-like activity, 
as described in the AOAC Methods of Analysis 
(7). An antagonist-resistant strain of S. 
faecalis$ (4), designated as 8043AR, was used 
similarly for the assay of folic acid-like ac- 
tivity in the presence of the antagonists. In 
each case, a sample of pteroylglutamic acid 
was used as a reference standard. Citrovorum 
factor (CF) was determined using Leuco- 
nostoc citrovorum (ATCC 8081) grown in the 
medium described by Sauberlich(8). An an- 
tagonist-resistant strain of Leuconostoc citro- 
vorumS(9), designated as 8081AR, was used 
in the same manner for the assay of CF in the 
presence of high concentrations of the an- 
tagonists. Leucovorin (synthetic CF) was 
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used as a reference standard. The activity 
of the samples is expressed on the basis of the 
natural form of the free acid, since the natural- 
ly-occurring form of CF appears to be twice as 
active as leucovorin. The basis for this state- 
ment has been discussed elsewhere(10). 


Bioautographic technic. The distribution 
of the compounds on paper chromatograms 
was followed by means of a modification of 
previously described bioautographic technics 
(11,12). Solid medium (folic acid-assay 
medium containing 1% agar) was inoculated 
with a strain of S. faecalis immediately before 
the medium was poured into suitable trays. 
The paper strips were placed on the surface 
of the agar for 10 min; the trays then were 
placed in a 37° incubator. The zones of 
growth or inhibition were visible within 6 
hours, but recordings were made after an 18- 
hour period. Growth-promoting compounds 
were readily located when PGA was omitted 
from the medium. When PGA was included 
in the medium at a level of 10 myg/ml, the 
agar was clouded by growth except where in- 
hibitory compounds caused clear zones. With 
a smaller amount of PGA in the medium, 1 
myg/ml, so that only limited growth resulted, 
both inhibitory and growth-promoting com- 
pounds could be readily located on a single 
bioautograph. By addition to the medium of 
2,3,5-triphenyl tetrazolium chloride (200 yg 
per ml), which is reduced to an insoluble red 
compound by the growing cells, the visibility 
of areas of faint growth was improved and 
better contrast for photographic records was 
obtained. However, zones of growth caused 
by 0.5 mug of PGA per strip were clearly 
visible without this aid. A convenient in- 
oculum was prepared by lyophilization of the 
washed bacterial cells in a lactose suspending- 
medium(13). This preparation retained ac- 
tivity for a period of approximately 3 months 
when stored at room temperature in a desic- 
cator (1 mg of the lyophilized cells was ade- 
quate for 100 ml of medium). Chromato- 
grams, using strips or sheets of Whatman No. 
1 paper, were developed by descending solvent 
(0.1 M phosphate buffer, pH 7.0) which moved 
44 to 48 cm in 4 hours. When dry, the 
strips (1” in width) were cut in half length- 
wise. In order to locate both inhibitory and 
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BIOAUTOGRAPH OF PAPER 
IDENTIFICATION STRIP CHROMATOGRAMS 


PTEROIC ACID 


AMINOPTERIN 
(4-NHz-PGA) 


4-NHp,-IO-CHs 
PTEROIC ACID 
(PGA) PTEROYL 
GLUTAMIC ACID 


A-METHOPTERIN 
-NH,-IO-CH,PGA 


1O-CH3-PGA 


BB zone oF inniBition ZONE OF GROWTH 


FIG. 1. Comparison of response of antagonist- 
sensitive (8043) and antagonist-resistant (8043- 
AR) strains of S. faecalis to Aminopterin and 
A-methopterin. 
* Antagonist-sensitive strain of S. faecalis. 


He -resistant ” ; 


growth-promoting compounds, one half of each 
paper strip was placed on solid medium which 
contained PGA, the other half on medium 
without PGA. Resting cell experiments. Cells 
of strains 8043 and 8043AR were grown in a 
medium containing PGA (1 mpg/ml), har- 
vested after 16 hours, washed twice in saline 
(0.9%), and the weight of the packed cells 
was recorded. The cell suspensions, in 0.1 M 
phosphate buffer of pH 6.5, were agitated 
constantly while incubating anaerobically at 
37° with PGA or Aminopterin and the other 
additions indicated. At the end of the incuba- 
tion period the samples were autoclaved at a 
pressure of 15 pounds for 30 min. The ceils 
were spun down and the clear extract was 
appropriately diluted for microbial assay with 
Leuconostoc citrovorum. 

Experimental and results. Bioautographs 
of Aminopterin and A-methopterin (4-amino- 
10-methyl-pteroylglutamic acid), in which the 
response of strains 8043 and 8043AR were 
compared, are shown in Fig. 1. With the 
antagonist-sensitive strain, large clear zones 
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indicated the location of Aminopterin and A- 
methopterin. No effect was visible in the cor- 
responding areas of the other half of each 
strip which was placed on medium containing 
the antagonist-resistant organism. Aminop- 
terin contained two growth-promoting com- 
pounds with Ry values which corresponded to 
those of PGA and pteroic acid, respectively. 
The PGA which was present on one half of the 
strip consistently gave larger zones with strain 
8043AR and the amount of pteroic acid which 
was adequate for the growth of strain 8043AR 
was insufficient to cause visible growth of 
strain 8043. A-methopterin was contamin- 
ated with 3 inhibitory compounds with Ry 
values which corresponded to Aminopterin, 4- 
amino-10-methyl-pteroic acid and 10-methyl- 
pteroylglutamic acid, respectively. Also, a 
growth-promoting compound was _ present 
which apparently was PGA. Growth of the 
antagonist-resistant organism was consistently 
observed in the area corresponding to 10- 
methyl-PGA; however, 2-dimensional chroma- 
tography showed that this zone contained 
PGA. 


Tentative identification of the contaminants 
found in Aminopterin and A-methopterin, 
based on their R¢ values, was made by com- 
parison of the bioautographs shown in Fig. 2. 
Growth promoting compounds were observed 
in pteroylaspartic acid and in 4-amino-pteroy]l- 
aspartic acid. Aminopterin-2 was obtained by 
elution with distilled water of the zone (R;- 
0.12 to 0.29) obtained when Aminopterin-1, 
the initial material, was chromatographed on 
paper sheets. The amount of Aminopterin-2 
was determined by microbial and fluorometric 
assays(5). Although the zones of Aminop- 
terin and PGA were distinctly separate, only 
partial purification of Aminopterin was ob- 
tained in this way. A-methopterin-2 was ob- 
tained by elution of the A-methopterin zone 
(Re-0.43 to 0.62) from the chromatogram of 
the initial material. A-methopterin-3 (Fig. 2) 
was derived from A-methopterin-2 in the same 
manner. Although the materials were pro- 
tected from light and heat during these opera- 
tions, to minimize degradation of the com- 
pounds, the twice-chromatographed A-me- 
thopterin-3 still contained detectable amounts 
of two contaminants. The antagonist-resist- 
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ant strain of S. faecalis was used to study the 
growth-promoting activity of the analogues. 
The biological activity of the analogues (Fig. 
2) cannot be expressed as a quantitative meas- 
ure of the activity of a single compound, since 
most of the analogues studied contained pteroic 
acid as an active contaminant. 

The requirement for CF was the same for 
each bacterial strain, but the resistant strain 
required much less PGA or pteroic acid than 
the sensitive strain (Table I). PGA and 
leucovorin were equally active for strain 8043, 
but PGA was more active than leucovorin for 
strain 8043AR (it should be noted that these 
findings take into account the circumstance 
that leucovorin appears to be composed of in- 
ert material to the extent of 50%) (10). 

Cell suspensions of the antagonist-sensitive 
and antagonist-resistant strains of S. faecalis 
were incubated with PGA and the amount of 
CF formed was determined by microbial assay 
(Table II). Only an insignificant increase in 
the amount of CF formed by strain 8043 was 
obtained when the concentration of PGA in 


pg/ml, 
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the suspending medium was greater than 0.5 
However, with the resistant strain, 
the amount of CF formed increased as the 
concentration of PGA was increased; thus, at 
a PGA-level of 50 pg/ml this organism formed 
more than 200 times as much CF as the sensi- 
tive strain under the same conditions. In the 
same experiment, Aminopterin or A-methop- 
terin in amounts of 0.1 pg per ml caused 
approximately 50% inhibition of the forma- 
tion by strain 8043 of CF from PGA, while a 
similar degree of inhibition of the formation of 
CF from PGA by strain 8043AR required a 
500-fold increase in the concentration of these 
antagonists. 

The amounts of CF formed from the two 
samples of Aminopterin and from PGA are 
shown in Table III. The CF derived from 
Aminopterin-1 corresponded to approximately 
10% of the amount added. The yield of CF 
from PGA was approximately 50%. There- 
fore, the precursors of CF in Aminopterin-1 
can be estimated to be about 20% of the re- 
agent material. The yield of CF from the 


% 


ACTIVITY 


(PGA) PTEROYL 
GLUTAMIC ACID 


(8043AR) 
100 


PTEROIC ACID 


13 


AMINOPTERINT 


(4-NH,-PGA) 


A-METHOPTERIN 


(4-NH2-IO-CH3PGA) 


1O-CH3-PGA 


(PAA) PTEROYL 
ASPARTIC ACID 


4-NH2-PAA 
ZONE OF GROWTH 


HB ZONE OF INHIBITION 


FIG. 2. Paper chromatograms and growth-promoting capacity of several analogues of pteroyl- 
glutamic acid. 


* Comparison of growth-promoting capacity based upon microbial assay of analogues, using 
antagonist-resistant strain of S. faecalis (8043 AR). Large amounts of pteroic acid required 
to promote growth of antagonist-sensitive strain (8043) which was used for bioautographs 


shown here (see Fig. 1 and Table I). 


+ Aminopterin-2 obtained by elution of the Aminopterin zone of a chromatogram of Amin- 
opterin-1, the commercial material. Similarly, A-methopterin-2 and -3 are, respectively, the 
once and twice chromatographed materials (see text for details). 
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partially purified Aminopterin-2 was exceed- 
ingly small. 

Discussion. The presence of contaminants 
in various folic acid-antagonists has caused 
considerable confusion in the interpretation of 


TABLE I. Requirement for PGA, Pteroic Acid, 
and CF of Antagonist-Sensitive (8043) and An- 
tagonist-Resistant (8043AR) Strains of 8. faecalis. 


Requirement for 
half-maximal growth* 


I 1 Approx. 
Strain Strain ratio 
Compound 8043 8043AR IL/ABE 
mug/ml of 
assay medium 
Pteroylglutamic acid ellis) 06 3 
Pteroic acid 7.0 6 12 
Citrovorum factort 16 silfe 1 


* Turbidimetric reading of growth in 10 ml of 
assay medium. 

+ A standard solution of leucovorin was used; 
activity is expressed in terms of naturally-occur- 
ring CF, 


TABLE II. Formation of CF from PGA by Rest- 
ing Cells of Antagonist-Sensitive (8043) and An- 
tagonist-Resistant (8043AR) Strains of S. faecalis. 


CF formed by cell 


Additions to suspensions of 


suspending medium* S. faecalis 
PGA, Strain Strain 
pug/rol Ratio 8043 8043 AR 
ug CF/25 mg cells, 
Antagonist: PGA wet wt 
0 ~- 0 0 
nO) —- 16 20 
5 — 18 Beall 
50 — 20 44.4 
Aminopterin: PGA 
50 alten a alo) 
? 1:10 — 39.9 
y 1:100 .038 42.3 
2, 1:250 .084 — 
2 1:500 silat — 
fs 1:1000 15 — 
A-methopterin: PGA 
50 Jaa — 23.1 
By WTO) — 37.5 
2 1:100 025 37.0 
4 1:250 .070 — 
x 1:500 poll — 
i 1:1000 14 — 


* Cells (25 mg/ml, wet wt) ineubated at 37° 
for 4 hr under an atmosphere of nitrogen (95%) 
and carbon dioxide (5%) in 2 ml of a medium 
consisting of Na,gHPO-KH,PO, buffer (0.1 M, pH 
6.5), glucose (0.02 M), sodium formate (0.01 M), 
sodium ascorbate (0.005 M) and PGA, Aminop- 
terin or A-methopterin, as indicated. Preparation 
of samples for assay described in text. 
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TABLE III. Formation of Citrovorum Factor 
from Preeursors in Commercial and Partially Puri- 
fied Samples of Aminopterin. 


OF formed by cell suspensions 
of S. faecalis (8043AR) 
Aminop- | Aminop- 
terin—1t terin—2t 


Cone. of PGA 
or Aminopterin 
in suspending 


medium,* ng/ml PGA 


pg CF/25 mg cells, wet wt 


0 0 0 0 
5 4.76 or ANS — 
3 7.26 1.16 .05 
6 12:2 2.53 04 
12 18.2 5.36 .03 
* Cells (6.25 mg/ml, wet wt) incubated at 37° 


for 4 hr under an atmosphere of nitrogen (95%) 
and carbon dioxide (5%) in 4 ml of a medium 
consisting of Na,HPO,-KH,PO, buffer (0.1 M, pH 
6.5), glucose (0.02 M), sodium formate (0.01 M), 
sodium ascorbate (0.005 M) and PGA or Aminop- 
terin as indicated. Preparation of samples for as- 
say described in text. 

+ Aminopterin-1 refers to the commercial mate- 
rial, while Aminopterin—2 is that which had been 
purified by paper chromatography, described in 
text. 


the results of studies of resistance to these 
compounds. The antagonists which are pres- 
ently available contain not only sufficient PGA 
and pteroic acid to account for the apparent 
utilization of the analogues by S. faecalis(3), 
but other inhibitory compounds may also be 
present, as found in A-methopterin. The 
growth-promoting capacity of Aminopterin 
(one-sixth that of PGA) reported for a species 
of Tetrahymena(2) actually corresponds close- 
ly to the amount of PGA found in these 
studies to be present in samples of the ana- 
logue. It will be of importance to determine 
the effect of the simultaneous presence of 
these growth-promoting compounds on the 
rate of development of resistance, since the 
resistant strain of S. faecalis utilized PGA 
and pteroic acid much more effectively than 
did the antagonist-sensitive strain. 

Instead of deaminating the 4-amino ana- 
logues of PGA, it appears from these studies 
that in the resistant cell the ability to absorb 
the analogues may have been reduced greatly. 
Thus, the formation of CF from PGA by 
resistant cells of S. faecalis is inhibited only 
by high concentrations of Aminopterin or A- 
methopterin, while in extracts of these cells, 
the same reaction is inhibited by amounts of 
these antagonists which also inhibit the forma- 
tion of CF by the antagonist-sensitive cells or 
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their extract(14). No detectable effect of 
these antagonists was observed on bioauto- 
graphs obtained with the intact resistant 
organism: neither growth, indicating utiliza- 
tion of these compounds, nor inhibition, which 
might be anticipated if the compounds were 
able to exert their expected effect within the 
cells. Hutchison and Burchenal(9) reported 
that the requirement for CF of the antagonist- 
resistant strain of Leuconostoc citrovorum was 
the same as that of the parent strain and also, 
this organism, like the parent strain, was un- 
able to utilize PGA effectively. Conceivably, 
the primary mechanism of resistance in Leu- 
conostoc citrovorum involves an altered per- 
meability to the: antagonists, since a more 
efficient utilization of the factor required for 
growth does not appear to be implicated. 

Paper chromatography is an aid to the 
identification and purification of these com- 
pounds but does not ensure either. In the 
system used, A-methopterin has the same R; 
as 10-methyl-pteroic acid. The inhibitor at 
R; 0.55, which was present in the sample of 
10-methyl-PGA, was found, by the use of a 
different solvent, to migrate in the same 
manner as 10-methyl-pteroic acid. ‘Trail- 
ing” of compounds is frequently observed on 
paper chromatograms. Consequently, the 
presence of some PGA at the zone of Aminop- 
terin was not surprising. However, twice 
chromatographed A-methopterin ‘‘carried” a 
slower moving inhibitor. Thus, it appears 
that these similar compounds have consider- 
able ability to ‘“‘carry” each other. A two- 
dimensional chromatogram of 10-methyl-PGA 
showed that the discreet zone of Ry 0.75 sepa- 
rated into two components, in the second 
dimension; one of these apparently was PGA. 
Although 10-methyl-PGA and_ 10-methyl- 
pteroic acid were apparently “utilized” by the 
resistant strain, as indicated by distinct zones 
of growth on the bioautographs, clarification 
of this possibility must await additional puri- 
fication of the compounds. 

Summary.  Bioautographs of several 4- 
amino analogues of folic acid indicated the 
presence of contaminants which corresponded 
to the demethylated, deaminated, or pteroic 


Da, 


acid analogues. All the antagonists studied 
contained sufficient pteroylglutamic acid or 
pteroic acid to account for their apparent 
utilization for growth by an antagonist-resist- 
ant strain of Streptococcus faecalis. This 
strain had a lower requirement for PGA and 
pteroic acid and a much greater capacity to 
convert PGA to CF than did the parent an- 
tagonist-sensitive strain. Significant inhibi- 
tion of the formation of CF from PGA by the 
resistant cells was obtained only with very 
high concentrations of Aminopterin or A- 
methopterin. 


We are indebted to the Lederle Laboratories Di- 
vision and the Calco Chemical Division of the 
American Cyanamid Co. for supplies of leucovorin, 
and for ‘pteroylglutamic acid, and its various ana- 
logues. 
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Man occasionally develops paralytic com- 
plications following the repeated injection of 
rabbit spinal cord during the course of the 
Pasteur treatment for rabies(1). Encephalo- 
myelitis has been produced in several experi- 
mental animals following inoculation of homo- 
logous or heterologous brain tissue with(2-9) 
or without(10) the adjuvant mixture devised 
by Freund(11). These facts suggest that the 
vaccination of man with any preparation con- 
taining crude brain components may be 
hazardous. 

The elimination of encephalitogenic activity 
from infected central nervous system tissue 
used for the preparation of several neuro- 
tropic virus vaccines would be of considerable 
merit. Such a method of preparing rabies 
vaccine has been reported by one group of 
workers(12,13). Previous reports from this 
laboratory(14,15) indicated that protamine 
treatment of infected crude brain material is 
useful for purifying a number of neurotropic 

viral agents. Furthermore, 2 mouse brain 
vaccines, Japanese and Russian Spring Sum- 
mer encephalitis, prepared by this method 
gave initial immunologic responses comparable 
to crude preparations when tested in mice and 
human volunteers(16). Therefore, since this 
technic may have possible future application 
in the preparation of neurotropic viral vac- 
cines of the mouse brain type, studies .were 
carried out to determine the effect of prota- 
mine sulfate precipitation on the encephalito- 
genic activity of crude suspensions of rabbit 
and mouse brain tissue. 

Materials and methods. Animals used for 
studies. All brain tissue was obtained from 
adult Swiss mice of the Bagg strain or adult, 
New Zealand White rabbits. The guinea pigs 
were bred at Walter Reed Army Medical Cen- 
ter and weighed 250 to 450 g each. The 
rhesus monkeys had been used several months 
previously for titrations of poliomyelitis virus 
and had shown no neurologic signs prior to 


use in these studies. Preparation of brain 
tissue suspensions. Freshly harvested mouse 
or rabbit brain tissue was prepared as a 20% 
suspension in buffered (pH 7.4) physiologic 
saline by use of a mortar and pestle or a 
Waring blendor. An aliquot of this prepara- 
tion was used as the “crude uncentrifuged” 
brain suspension. A second aliquot was 
treated with powdered protamine sulfate (Lot 
No. 16693 or 1097397, Squibb & Co.) for 30 
minutes at 4-6°C as previously described (14). 
A third untreated aliquot was held for a sim- 
ilar period of time at room temperature and 
subsequently centrifuged along with the pro- 
tamine treated brain material in a mean grav- 
itational field of 1200 g for 10 minutes. The 
resultant supernates were designated as the 
“crude supernate” and “protamine supernate”’ 
suspensions respectively. The sediments after 
resuspension in buffered saline to approxi- 
mately their original volume served as the 
“crude sediment” and ‘‘protamine sediment” 
suspensions respectively. In 2 experiments 
designed to test the effects of freezing and 
thawing freshly harvested brain was stored at 
—20°C for 24 or 48 hours prior to being 
processed as described above. All brain- 
adjuvant emulsions were prepared in a mortar 
by mixing equal volumes of a given brain sus- 
pension and adjuvant mixture, the latter pre- 
pared according to the method of Freund(11). 
Each milliliter of final emulsion contained 0.5 
ml brain suspension, 0.45 ml of liquid petro- 
latum, 0.05 ml of mannide mono-oleate 
(Arlacel-A, Atlas Powder Co.) and 2 mg of 
heat killed, dried Mycobacterium tuberculosis, 
strain H37Rv. Inoculation of animals. Each 
guinea pig received 3 subcutaneous inocula- 
tions of 1.5 ml of brain-adjuvant mixture 
along the dorsum at weekly intervals, except 
in Exp. 1 and 2, where only a single inoculum 
was administered. These animals were ob- 
served daily for neurologic signs for at least 
4 and up to 8 weeks following the last inocula- 
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TABLE I. Incidence of Encephalomyelitis in 

Guinea Pigs Following Injection of Crude and 

Protamine Treated Rabbit and Mouse Brain Sus- 
pensions. 

i.» Ss ——_—_—_—_—_—_—_—_—_—_—_==> 


Suspension injected 


Brain P Crude — ,—Protamine—- 
tissue Uncent. Supe. ‘Sed. Supe. Sed. 
Rabbit 10/15t ND¢t ND 0/15 14/15 
¥ 13/18 ND ND OAS ee ily/A7, 
# 8/14 2/15 10/11 0/15 10/15 
ede 13 0/12 7/12 0/12 8/12 
eye ND 6/15 ND 0/15 ND 
Total in- 
cidence 42/60 138/42 17/23 0/75 43/59 
Mouse 5/15 0/14 ND ND ND 
2 8/12 V/A eye 0/12 4/12 
‘a 6/12 2/12 6/12 0/12 4/12 
Total in- 
cidence 19/39 3/38 12/24 0/24 8/24 


* Frozen-thawed brain tissue employed. 

+ Numerator = No. of guinea pigs showing neu- 
rologic signs. Denominator = No. of guinea pigs 
inj 


ae 
+ ND = Not done. 


tion of brain material. The monkeys received 
1.5 to 2.0 ml of a given brain-adjuvant sus- 
pension intramuscularly in each thigh on 2 
occasions during a 3- to 6-week period and 
were observed daily for central nervous sys- 
tem signs for up to 3 months following the 
second inoculation.* Criteria for evaluating 
encephalitogenic properties of inocula. En- 
cephalitogenic activity in a preparation was 
manifested by the development of paralysis 
and other neurologic signs in a group of in- 
oculated guinea pigs. The absence of such 
clinical abnormalities in all animals of a group 
was taken as presumptive evidence that the 
suspension inoculated was devoid of encephali- 
togenic properties. In certain of these groups 
without neurologic signs histopathologic stud- 
ies were carried out to detect subclinical en- 
cephalopathy. Brains and upper segments of 
spinal cord were fixed in 10% formalin, sec- 
tioned, and stained with hematoxylin and 
eosin for microscopic examination. Thus, the 
complete absence of both clinical signs and 
histopathologic lesions, as described by Lums- 
den(17), served to indicate that a given in- 
oculum possessed little if any encephalitogenic 
activity. Microscopic study was not per- 
formed on the monkeys employed in this 


* The technical assistance of Dr. J. A. Morris in 
the monkey studies is gratefully acknowledged. 
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study and the sole criteria were the presence 
or absence of clinical neurologic signs. 


Results. The results of 8 experiments in 
which 5 different types of rabbit or mouse 
brain suspensions were used to inoculate 
groups of guinea pigs are summarized in 
Table I. It will be noted that all crude brain 
preparations contained encephalitogenic ac- 
tivity although the actual incidence of neuro- 
logic signs varied greatly from experiment to 
experiment and from group to group. The 
highest incidence followed the inoculation of 
either crude uncentrifuged or crude sedi- 
mented material. Both these preparations 
produced signs in 50% or more of the animals 
in each group except in Exp. 6, where neuro- 
logic signs appeared in only 5 of 15 guinea 
pigs receiving crude mouse brain material. 
The crude suspensions following centrifuga- 
tion, on the other hand, were less encephalito- 
genic and produced clinical signs of enceph- 
alopathy in less than 50% of every group. 
This decrease of encephalitogenic activity fol- 
lowing centrifugation was most marked in 
Exp. 6, 7, and 8, where only 3 of a total of 
38 guinea pigs developed neurologic signs 
after the inoculation of crude supernatant 
mouse brain material. 

The effect of treating 7 of these crude sus- 
pensions with protamine sulfate will be noted 
in Table I. The protamine supernatant sus- 
pensions produced no paralysis or other neuro- 
logic signs in the 7 groups totaling 99 guinea 
pigs. Fifty-one of these animals, approxi- 
mately half of which had received protamine 
supernatant material, prepared from rabbits 
and the remainder prepared from mice, were 
sacrificed for histopathologic studies. No 
microscopic encephalopathy was evident in 
any of these sections. Considerable enceph- 
alitogenic activity was demonstrable in the 
protamine sedimented inocula, all 6 of which 
elicited clinical signs when inoculated into 
animals. 

The effect of protamine treatment was fur- 
ther demonstrated in an experiment employ- 
ing 3 groups of monkeys consisting of 8 ani- 
mals each. Crude uncentrifuged and prota- 
mine sedimented suspensions prepared from 
rabbit brain produced marked neurologic signs 
in 4 and 2 monkeys, respectively. None of 


280 


the 8 monkeys in the third group which re- 
ceived protamine supernatant material de- 
veloped clinical signs. It should be noted 
that, in an additional experiment, 10 monkeys 
received crude uncentrifuged mouse brain ma- 
terial and failed to develop clinical signs of 
encephalopathy during a 3-month observation 
period. 

Discussion. The results of these studies in- 
dicate that protamine sulfate can precipitate 
most, if not all, of the encephalitogenic ac- 
tivity associated with crude rabbit and mouse 
brain tissue. The question might well be 
raised as to whether the single cycle of low 
speed centrifugation, used to sediment the pro- 
tamine precipitated material, was responsible 
for this marked decrease in encephalitogenic 
activity. Centrifugation, as employed in 
these studies, did decrease the encephalitogenic 
character of the initial crude brain tissue. 
However, a small but significant amount of 
encephalitogenic activity remained in the ma- 
jority of resulting supernatant fluids and thus, 
the effect of protamine treatment cannot be 
attributed to centrifugation per se. 

These experiments were not designed to 
compare the difference in the encephalitogenic 
activity of crude rabbit and crude mouse brain 
tissue. However, it is worthy of comment that 
mouse brain, in general, appeared to be less 
encephalitogenic than rabbit brain tissue. 
This fact was suggested by the lower incidence 
of neurologic signs observed in guinea pigs re- 
ceiving crude or centrifuged mouse brain sus- 
pensions and the failure of the former suspen- 
sion to produce any abnormal signs in 10 
monkeys. Neurotropic viral vaccines prepared 
from infected mouse brain tissue and clarified 
by low speed centrifugation have been em- 
ployed for vaccination of man. Sabin has 
reported that this type of Japanese enceph- 
alitis vaccine resulted in no apparent para- 
lytic complications when used during an out- 
break of Japanese encephalitis on Okinawa 
during World War II(18). In this connec- 
tion, it is of interest to mention that 2 vac- 
cines prepared by the method of Sabin(19) 
from mouse brain infected with Japanese 
encephalitis virus were tested for encephalito- 
genic properties in this laboratory in 2 groups 
of 15 guinea pigs each. Neither vaccine, even 
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when combined with adjuvants, produced any 
clinical signs of encephalopathy in this sus- 
ceptible host. Such observations might be 
cause for minimizing the potential hazards 
associated with vaccination procedures em- 
ploying this species of brain tissue. However, 
this study indicates that centrifugation alone 
cannot be relied upon to remove regularly 
encephalitogenic activity of both mouse and 
rabbit brain material. For this reason, the 
protamine technic may be of advantageous 


use in the preparation of certain neurotropic | 


vaccines of the mouse brain type. Such vac- 
cines would be expected to possess little, if 
any, encephalitogenic properties. 

Conclusions. 1, Crude uncentrifuged rabbit 
or mouse brain tissue, combined with adju- 
vant, elicited acute encephalomyelitis in more 
than 50% of 99 guinea pigs. 2. The enceph- 
alitogenic activity of both types of brain tissue 
was decreased but not eliminated by low speed 
centrifugation. 3. Protamine sulfate appeared 
to sediment most, if not all, of the encephalito- 
genic activity of both rabbit and mouse brain 
material. 
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Hyperparathyroidism is the most common 
cause of metastatic calcification. Calcified 
lesions due to hyperparathyroidism have been 
reported in the connective tissue of the 
stomach, pulmonary alveoli and kidney(1). 
Within the kidney the peritubular basement 
membrane is involved. Gersh(2) considers 
the basement membrane as a plastic, well- 
organized ground substance that is highly 
labile in certain physiologic and pathologic 
states. Heller-Steinberg(3) and also Engel 
(4) have demonstrated that the histological 
changes seen in bone after administration of 
parathyroid extract, can be explained on the 
basis of depolymerization of connective tissue 
ground substance. Gersh and Catchpole(5) 
believe that calcification is most likely to 
occur in depolymerized matrix. Rubin and 
Howard(6) have confirmed this work and also 
observed that there is a relationship between 
the state of the connective tissue and the abili- 
ty of the tissue to become calcified. They con- 
tend that more reactive groups are available 
to bind with calcium when the matrix is being 
depolymerized. The basic dye toluidine blue 
is known to combine with mucopolysac- 
charides of the ground substance. Sylven(7) 
and others believe this is due to the presence 
of chondroitin sulfate. Toluidine blue binds 
on reactive groups of the ground substance 
coinciding with calcified portions of the ma- 
trix. Furthermore, in three week-old rats in 
which calcification has not yet appeared, to- 
luidine blue binds intensely with the matrix 
in precisely the geographical locations eventu- 
ally to become calcified. Miller, e¢ al.(8) 


* This study was aided by Fred and Harvey Gold- 
berg. 


have shown that in vitro calcification of rachi- 
tic rat cartilage is blocked by toluidine blue. 
These authors have demonstrated that this 
inhibition of calcification is directly propor- 
tional to the amount of toluidine blue present 
in the system. Marc and Wenk(9) and 
France(10) have reported that crystallization 
of certain inorganic salts from a supersatur- 
ated solution are markedly inhibited by dyes 
which stain the mother crystal. 


Based on the above data, the object of 
this paper is to experimentally study the in 
vivo effect of dye binding on metastatic calci- 
fication produced in rats by the administra- 
tion of parathyroid extract. 


Methods. Young rats of the Sprague-Daw- 
ley strain, weighing 200-250 g and of the 
Same sex, were used in the experiment. They 
were maintained on a routine laboratory diet 
and given water ad libitum. Fifteen rats each 
received a total dose of 1625 units of parathy- 
roid extract (Lilly) administered over a 2 
week period as described by Chown(11). Five 
rats each received 1625 units of parathyroid 
extract and 3 cc (intraperitoneally) of a 0.9 
% saline solution each injection day of the 
experiment. Another group of 15 rats re- 
ceived the same dosage of parathyroid extract 
and in addition an intraperitoneal injection 
of 3 cc of a 0.04% solution of toluidine blue 
each injection day of the 2 week period. At 
the end of this time all animals were sacrificed 
by a blow to the head. Blocks of tissue ob- 
tained from the kidney, stomach, spleen, blood 
vessels and heart of each animal were fixed 
in absolute alcohol. Von Kossa and hemia- 
toxylin and eosin stains were obtained. To 
quantitate the extent of calcification in the 
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FIG. 1. A. Calcification in the basement membrane of the renal tubules in the rat produced 


by 1625 units of parathormone. (2380 X.) 


FIG. 1. B. Augmentation of parathormone effect (1625 units) by concurrent administra- 


tion of toluidine blue. (230 X.) 


kidney, four degrees of scoring were chosen. 
Those sections classified as 0 represent the 
stage at which no calcification, or at the most 
only small flecks of calcium, are seen in a few 
peritubular basement membranes. One plus 
refers to appreciable calcification, that is still 
localized peritubularly. When the calcium 
deposition appears in the basement membrane 
and also in the lumen of the tubules, it is 
termed 2 +; and 3 + refers to the situation 
in which the calcification is so extensive 
throughout the kidney that it is impossible to 
determine its exact location. 

Results. Control animals generally demon- 
strated a uniform degree of metastatic calci- 
fication of the connective tissue ground sub- 
stance in response to the 1625 units of para- 
thyroid extract given. Calcification was ob- 
served in the kidney, blood vessels, spleen, 
heart and stomach. The administration of 
toluidine blue to animals receiving this same 
amount of parathormone greatly augmented 
metastatic calcification as compared to con- 
trol animals given only parathormone. Figure 
1 demonstrates the marked exaggeration of 
the parathyroid effect in the kidney produced 


by use of this basic dye. This augmentation 
of calcification was not confined to the kid- 
ney, but was observed also in the connective 
tissue matrix of the large and small arteries, 
spleen, heart and stomach (Fig. 2). The de- 
gree of calcification in the kidneys of the 
two groups of animals is presented in Table 
I. There was generally no calcification of the 
connective tissue ground substance in rats 
receiving a total two week dosage of 800 to 
900 units of parathormone. The adminis- 
tration of toluidine blue in conjunction with 
800 to 900 units parathormone, however, rou- 
tinely resulted in calcification of 0 to 2 + in 
the ground substance of the organs and blood 
vessels previously described. Toluidine blue 
given alone failed to produce any calcification. 

Summary and conclusions. 1. This experi- 
ment indicates that not only does toluidine 
blue fail to inhibit the metastatic calcification 
produced by parathormone, but that the depo- 
sition of calcium is augmented by the concur- 
rent administration of the dye. Increased 
calcification was observed in the connective 
tissue ground substance of the kidney, 
stomach, spleen, arteries and heart. This was 
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FIG. 2. A. Metastatic calcification of basement membrane of blood vessels produced by 


1625 units of parathormone. (xX 75.) 


FIG. 2. B. Augmentation of parathormone effect (1625 units) by concurrent administra- 


tion of toluidine blue. (x 75.) 


an unexpected result due to the observation 
of Miller(8) that treatment of hypertrophic 
rachitic cartilage slices with basic dyes in- 
hibits subsequent calcification. The fact 
remains, however, that the acid mucopolysac- 
charide present in the connective tissue matrix 
has a strong affinity for basic dyes. Rubin 
and Howard(6) have shown that the in- 
creased intensity of toluidine blue staining 
in areas about to calcify suggest that new poly- 
saccharide appears or that the chemical state 
of the polysaccharide already present changes. 
An alteration in chemical form of the matrix 
favors combination with calcium and confers 
the state of calcifiability on the matrix. Engel 
(4) has reported that parathormone depoly- 
merizes ground substance to increase calcifi- 


fore to infer competitive binding between tolui- 
dine blue and calcium for available reactive 
groups of the mucopolysaccharide. Concern- 
ing the data presented in this paper, toluidine 
blue apparently altered the chemical state of 
the ground substance, increased calcifiability, 
and exaggerated the parathormone effect. We 
have previously reported(12) that altering 
the connective tissue ground substance by 
compensatory renal hypertrophy or adminis- 
tration of desoxycorticosterone, increases or 
decreases, respectively, calcification produced 
by use of parathyroid extract. 2. The inhibi- 
tory effect of toluidine blue on the activity 
of heparin has been described by Allen(13). 
Experiments now in progress indicate that 
augmentation of calcification in the basement 


ability. It does not appear necessary there- membrane of large and small arteries by use 
TABLE I. Influence of Toluidine Blue on Metastatic Calcification. 
Degree of calcification in 
No. of Duration, each exp. 
animals Treatment days 0) a ++ +++ 
15 Parathormone (1625 units) 14 8 4 1 2 
5 Parathormone (1625 units) and 0.9% saline 14 4 il 0 0 
15 Parathormone (1625 units) and toluidine blue 14 0) 0 5 10 
8 . Toluidine blue 14 8 0 0 0 
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of toluidine blue, as described in this paper, 
may be blocked by the concurrent administra- 
tion of heparin. 
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and Chicks.* 
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(Introduced by R. D. Reid.) 


From the Departments of Poultry Husbandry and Bacteriology, University of Maryland, 
College Park, Md. 


Romoser ef al.(1) reported that large num- 
bers of an unidentified branched gram positive 
organism were found in ceca of normal chicks. 
These organisms, later identified as Lacto- 
bacillus bifidus(2), were found in greatest 
numbers when 15% lactose was added to the 
basal diet and were decreased in number by 
the addition of 10 ppm of penicillin G. A 
high bifid count was correlated with poor 
chick growth. L. bifidus also constitutes 50% 
of the cecal population of turkeys(3). It is 
well known that under the usual growing con- 
ditions, poults grow faster when antibiotics are 
fed. This may be due to a reduction in num- 
bers of bifid organisms. Since L. bifidus 
might utilize a known or unidentified sub- 
stance(s) essential for rapid chick and poult 
growth, a knowledge of the nutritional re- 
quirements of avian bifids may contribute in- 


* Scientific Paper No. A 418. Contribution No. 
2450 of the Maryland Agric. Exper. Station. 

This investigation was supported in part by a 
contract between the Office of Naval Research, De- 
partment of Navy, Washington, D.C. and the Uni- 
versity of Maryland. 


formation concerning the mechanism of anti- 
biotic action(4-6). Results of such a study 
are presented in this paper. 


Experimental. Twenty-four cultures, ten- 
tatively classified as L. bifidus, have been iso- 
lated from the ceca of turkey poults. For the 
nutritional studies, 7 representative avian 
strains were selected, including 5 poult strains, 
one strain from adult turkeys(3) and one 
strain from chicks(2). The general procedures 
used in microbiological assays were employed 
for the determination of growth requirements. 
Stock cultures were transferred monthly on the 
basal medium containing 15 g per liter of 
Phytone (papaic digest of soybean, Baltimore 
Biological Laboratory) and 2% agar. The 
medium used for preparation of inoculum was 
of the same composition except for the omis- 
sion of agar. Stock and inoculum cultures 
were incubated at 37°C, for 48 hours under 
anaerobic conditions using a Brewer anaerobic 
jar. The inoculum cultures were centrifuged, 
washed twice with physiological saline, re- 
suspended and adjusted to a reading of 95 
on the Evelyn photo-electric colorimeter, using 
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a 660 my filter. One drop of this suspension 
was added to each of the assay tubes. Solu- 
tions were prepared so that the amount of 
supplement for each test was contained in 1 
to 3 ml. In all cases the final volume in each 
tube was 6 ml. The basal medium was identi- 
cal to that employed by Hassinen e¢ al.(7) 
except for the following modifications: the 
_lactose and sodium acetate were reduced to 7 
and 5 g per liter of single strength medium, 
respectively. Cystine was replaced by 
cysteine hydrochloride and N-Z Case (enzy- 
matic digest of casein) by Vitamin-Free Cas- 
amino Acids (Difco) or amino acid mix(8). 
Alanine and tryptophane were omitted when 
amino acid mix or Casamino Acids were used 
as the nitrogen source. Ascorbic acid was 
omitted except where indicated in the results. 
The final pH of the medium was adjusted to 
6.8. The tubes were autoclaved at 15 lb 
pressure for 15 minutes, cooled, inoculated and 
incubated anaerobically at 37°C for 48 hours. 
The growth was measured turbidimetrically in 
the Evelyn colorimeter, using the 660 my 
filter. 

Results and discussion. None of the 7 
strains would grow in several partially chemi- 
cally defined media, including the medium 
described by Hassinen e¢ al.(7). Preliminary 
investigations using Eugon broth revealed that 
Phytone was necessary for growth; however, 
upon the addition of this supplement to Has- 
sinen’s medium, no growth was _ obtained. 
Thus, it was surmised that the concentration 
of ingredients was the factor responsible for 
the absence of bacterial growth. Under our 
experimental conditions, the avian bifids were 
inhibited by the concentration (25 mg per ml) 
of sodium acetate used by Hassinen e¢ al.(7), 
Tomarelli ef a/.(9) and Kuhn(10) for the 
proliferation of L. bifidus of human origin. 
A low concentration (5 mg per ml) improved 
growth of avian bifids. The reduction of 
lactose from 35 to 7 mg per ml did not ap- 
preciably decrease growth. Cystine and 
cysteine hydrochloride were interchangeable, 
but cysteine hydrochloride was chosen for 
incorporation in the basal medium because of 
its non-toxic effect(11) and its reducing 
properties. 

The 7 avian strains, when grown in the 
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TABLE I. Effect of Phytone and Ascorbic Acid 
on Growth of Lactobacillus bifidus. 
(Poult Strain 3.) 


Optical density* 
No ascorbic acid Ascorbic acidt 
c Sat ya) 
Phytone conce., An- An- 
mg/tube Aerobic aerobic Aerobic aerobic 
0 (Inoe.)  .00 00 .00 .00 
5 04 07 13 .09 
10 .09 alls 14 std 
20 13 2 aa el 
40 12 39 .40 44 
60 14 48 62 51 
90 32 64 i) .70 
100 
* Log 


Galvanometer reading 
+ 12 mg/tube. 


modified basal medium described above, had 
an absolute requirement for a growth-pro- 
moting substance(s) in Phytone. This growth 
response is shown in Table I. The substance 
was also present in yeast extract, beef extract 
and fish solubles. The latter crude material 
is well known to contain growth-promoting 
substances for chicks and turkeys. 

None of the following compounds singly or 
in combination replaced the Phytone require- 
ment: vit. By2, thymidine, desoxyribonucleic 
acid, choline, inositol, lyxoflavin, carnitine, 
Leucovorin (citrovorum factor), DL-6-thioctic 
acid (protogen), pantethine, pyridoxal hydro- 
chloride, pyridoxal phosphate, pyridoxamine, 
orotic acid, oleic acid, polyoxyethylene sorbi- 
tan monooleate (Tween 80), blood group spe- 
cific substances A and B, and galactose acetyl- 
glucosamine. It has been reported that the 
growth factor in human milk(12) required by 
variants of human bifids, could be replaced 
by galactose acetyl-glucosamine(13) or a 
nitrogen-containing polysaccharide from mu- 
cin(10) or partially replaced by blood group 
specific substances A and B(10). The variant 
human strains have not been made available 
for comparison in our tests. However, the 
unidentified factor required by the avian bifids 
appears to be different from that required by 
the variants of human bifids since galactose 
acetyl-glucosamine and blood group specific 
substances A and B failed to replace the 
Phytone activity when incorporated in the 
medium described by the above authors or 
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when incorporated in the basal medium used 
in our experiments. 

The avian bifids also seem to be different 
from the human bifids, in that they exhibit 
a marked stability in oxygen requirement and 
bifid morphology. In contrast to the behavior 
of a number of bifids isolated from nursling 
stools of infants(9,14), they have not become 
aerobic nor lost their branched form upon 
continual subculture even after a period of 
one to 2 years. However, they can be grown 
in an aerobic atmosphere, provided ascorbic 
acid is added either aseptically or autoclaved 
in the medium. 

In Table I the effect of ascorbic acid on the 
growth of one culture (poult strain No. 3) is 
shown. That some aerobic growth was ob- 
tained with high levels of Phytone in the ab- 
sence of ascorbic acid was not too surprising, 
since a crude substance such as Phytone might 
contain a reducing compound. There was no 
apparent change in bifid morphology when the 
organism was grown in an aerobic atmosphere 
in the presence of ascorbic acid. From the 
results obtained, the bifids isolated from ceca 
of chicks and poults appear to be more fas- 
tidious in their nutritional requirements than 
the bifids from human origin. 

Summary. The nutritional requirements of 
Lactobacillus bifidus isolated from the ceca of 
chicks and turkey poults have been studied. 
All strains were inhibited by high concentra- 
tions of sodium acetate. The organisms could 
be grown in an aerobic atmosphere, provided 
ascorbic acid was present, without any ap- 
parent change in bifid morphology. No growth 
was observed when a chemically defined me- 
dium was employed, but luxuriant growth was 
obtained in the basal medium when it was 
supplemented with Phytone or other crude 
substances. The activity of Phytone could 
not be replaced by the galactose acetyl-gluco- 
samine or the incorporation of several other 
known growth-promoting substances into the 
basal medium. The nutritional fastidiousness 
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of L. bifidus isolated from chicks and poults 
may suggest that these organisms compete 
with the host for mutually essential nutrients. 


The authors are indebted to Merck and Co., Inc., 
Rahway, N. J., for providing vit. B,5, lyxoflavin, 
pyridoxal phosphate, and pantethine; to Lederle 
Laboratories, Inc., Pearl River, N. Y., for DL-6- 
thioctic acid and Leucovorin; to Dr. Edmond Snell, 
University of Texas, Austin, Texas, for thymidine; 
to Dr. Herbert Carter, University of Illinois, Urbana, 
for carnitine; to Sharp and Dohme, Philadelphia, 
Pa., for biocytin and blood group specific substances 
A and B; and to Wyeth, Inc., Mason, Mich., for 
galactose acetyl-glucosamine. 
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It has been shown that the half-lives of 
homologous gamma globulins vary from spe- 
cies to species(1). As a corollary, the half-lives 


of homologous serum albumins have been de- ° 


termined using the I**! protein label, a con- 
venient tool for the measurement of protein 
catabolism. 

Materials and methods. Albumin was sep- 
arated from human, bovine, and rabbit serum 
in the laboratories of Armour and Co. accord- 
ing to the alcohol fractionation procedure of 
Cohn(2). Albumin from dog and mouse 
serum was obtained by electrophoretic sep- 
aration in a Tiselius apparatus in the labora- 
tory of Dr. D. H. Moore of Columbia Uni- 
versity. To the albumins in a pH seven 0.2 
M phosphate buffer was added a slightly acid 
solution of J**! as free iodine and then the 
pH of the mixture was raised to 9 by the 
addition of 0.1 N NaOH. Non-protein-bound 
iodine was eliminated by dialysis against re- 
frigerated tap water for 72 hours. The entire 
procedure was carried out at 0°-5° C. Final 
preparations contained less than one iodine 
atom per molecule of protein and at least 
99% of the radioactivity was protein bound, 
as determined by trichloracetic acid precipi- 
tation. (1) The following subjects were used: 
Eleven men ages 23 to 75 who were institu- 
tionalized in a county home. These men had 
the following diagnoses: 5 - multiple sclerosis, 
2 - hemiplegia old, one - healed osteomyelitis, 
one - chronic arthritis, one - post operative 
bladder cancer, and one - asthma. (2) Three 
nonlactating full grown Swiss and Jersey cows. 
(3) Nine full grown mongrel dogs. (4) Nine 
young albino male rabbits weighing between 
2 and 2.2 kg for rabbit albumin half-life deter- 
mination. (5) Eight young albino male rabbits 
weighing between 2 and 2.2 kg for the determi- 
nation of the effect of metabolic rate on albu- 
min half-life. (6) Thirty young adult CFW 


* This study was supported by Atomic Energy 
Commission contract. 

+t This is No. 23 of the Pathology Department, 
University of Pittsburgh School of Medicine. 


strain female mice weighing from 20 - 21 g. 
All subjects were given oral potassium iodide 
supplements to saturate iodine utilizing tissues 
and minimize retention of I'*! liberated by 
catabolism of labelled albumin. I'*! labelled 
homologous albumin, in amounts less than 
10 mg per kilo body weight, was injected in- 
travenously into all species except the mouse. 
in which injections were made subcutaneously. 
Two or more days were allowed after injec- 
tion for the labelled protein to equilibrate 
completely between the intravascular and 
extravascular components of the plasma 
protein pool before the half-life determi- 
nations were started. After equilibration 
the humans, cows, dogs and rabbits were 
bled at six or seven day intervals and the con- 
centration of protein bound I'* in the plasma 
was determined(3,4). All 30 mice received 
identical injections of labelled albumin and 
ten were exsanguinated 3, 5, and 7 days later. 
The blood from the mice in each group was 
pooled and labelled protein concentration of 
the pooled plasma was determined. 


As was suggested by our earlier study of 
gamma globulin half-life(1) the metabolic 
rate of the host appeared to influence the 
protein half-life. To further test this hypo- 
thesis we determined the albumin half-life in 
rabbits made hypermetabolic by daily injec- 
tions of 0.1 to 0.2 mg of thyroxin per kilo 
body weight throughout the period of obser- 
vation. 


Results and discussion. The half-lives of 
I!8! Jabelled homologous albumins were: cows, 
20.7 days; humans, 15.0 days; dogs, 8.2 days; 
rabbits, 5.7 days; and mice, 1.2 days (Table 
I). These values are calculated for the entire 
period of observation indicated on Table I. 
In spite of obvious differences in structure, 
size, origin, and function of albumin and gam- 
ma globulin, the albumin half-lives correspond 
closely to the gamma globulin half-lives re- 
ported earlier: cow, 21.2 days; human, 13.1 
days; dog, 8.0 days; rabbit, 4.6-5.7 days; and 
mouse, 1.9 days(1). It would appear that 
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TABLE I. Albumin Half-Lives. 


Interval after 
inj. for which 


No. of Method of half-life is ¢al- Half-life with 
Species subjects fractionation culated in days stand. dev. in days 
Cow 3 Alcohol 2-30 Ve se Alsi 
Human dal Z 7-28 15.0 + 1.9 
Dogs 9 Electrophoresis 7-28 8.2 + 1.2 
Rabbit 9 Alcohol 4-22 o.f = 3 
Mouse 30 Electrophoresis B=. 1.2 


the dominant role in the catabolism of these 
proteins is played by the metabolic character- 
istics of the host and not by the characteristics 
of the protein molecules themselves. 

The same inverse relationship between pro- 
tein half-life and metabolic rate of the host 
noted previously for gamma globulin also held 
for albumin. This relationship was further 
supported by the finding of a 4.4 + 0.3 day 
albumin half-life in the 8 rabbits given thy- 
roxin. The metabolic rates of these animals 
were increased an average of 120% as 
indicated by measurement of oxygen con- 
sumption with a Benedict Roth metabolor 
attached to an airtight cage. 

The homologous albumin half-lives reported 
here agree fairly well with those reported by 
others. Using the same technique Sterling 
found an albumin half-life of 10.5 = 1.5 days 
in medical students(5). The difference be- 
tween this figure and the 15 day value we 
found for institutionalized males may be 
largely the result of the difference in activities 
and, therefore, metabolic rates of the two 
groups of subjects. Tracing albumin labelled 
with N?°, London found a half-life of approxi- 
mately 20 days in humans(6). This value 
would be expected to be somewhat greater 
than the true half-life since some of the 
N?° label is used in resynthesis of protein 
after catabolism of the originally labelled pro- 
tein. Calculations based on the 2 to 6 day 
post injection determinations of Fink, et al, 
give an 8.4 day half-life for total plasma pro- 
tein in dogs(7) which agrees well with our 


8.3 day albumin half-life and 8.0 day gamma 
globulin half-life. 

Summary. The half-lives of homologous 
serum albumins in humans, cows, dogs, rab- 
bits and mice have been presented. The 
albumin half-lives are similar to the gamma 
globulin half-lives for the same species and 
apparently are dependent upon the metabolic 
characteristics of the host. 


This study has been greatly facilitated by the 
cooperation of the Allegheny County Institution Dis- 
trict, Mayview Hospital, Mayview, Pa.; the Addi- 
son Gibson Laboratories of the University of Pitts- 
burgh School of Medicine; and Dr. H. Salk, Mars, 
Pa. 
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Role of Host Defenses in Streptomycin Treatment of X-Irradiated Mice.* 
(20337) 


Rosert Q. Marston,t H. JEANETTE RuTH, AND WILLIE W. Situ. 


From the National Institute of Arthritis and Metabolic Diseases of the National Institutes of Health, 
Public Health Service, Department of Health, Education, and Welfare, Bethesda, Md. 


The complementing action of natural de- 
fenses in the control of various infections 
with sulfonamides and antibiotics has been 
demonstrated in several ways. Wood and his 
colleagues(1) showed the importance of sur- 
face phagocytosis in sulfonamide treatment of 
pneumonia; Skinsness and Woolridge(2) 
found the effectiveness of penicillin against 
pneumococcal infections to be reduced in pro- 
tein-depleted rats; and Kaplan and his asso- 
ciates(3) showed aureomycin to be relatively 
less effective against 8 hemolytic streptococcal 
infection in irradiated than in non-irradiated 
mice. 


In view of these and related findings one 
may predict that the effectiveness of prophy- 
lactic antibiotic treatment after whole-body 
X-irradiation will depend to a considerable 
degree upon the residual level of the severely 
injured host defenses. The probability that 
such is the case is apparent in our results with 
streptomycin treatment of natural and experi- 
mental infections in irradiated mice(4-6), 
where deficiencies in streptomycin effective- 
ness were not adequately explained by the 
drug-resistance of invading or injected organ- 
isms or by inadequacies in dose or duration 
of treatment. Jacobson(7) and Lorenz(8) 
demonstrated the increased hematopoietic re- 
covery and increased survival which results 
from spleen transplants or bone marrow in- 
jection after irradiation. Cole and his asso- 
ciates(9) obtained similar results with the ad- 
ministration of spleen homogenate from im- 
mature mice. Our group has demonstrated a 
close correlation between the degree of leuco- 
cyte recovery, with and without the injection 
of spleen homogenate, and resistance to ex- 
perimental infections(10). Results with strep- 
tomycin treatment of experimental infection 


* Supported in part by a grant from The Depart- 
ment of Defense. 
TV Cee One SaeAriny: 


in irradiated mice whose recovery is acceler- 
ated by the administration of spleen homo- 
genate are reported here. 

Procedures. Male mice of the N.I.H. strain 
were caged individually and distributed by 
litter into treatment and irradiation groups as | 
previously described(4). Each irradiated in- 
fected control group contained 20 mice and 
each of the other groups 36 to 40 mice. At 
12 weeks of age they were given 475r (LD 
about 5%) with an X-ray unit operated at 
200 KV and 20 ma with 0.25 mm Cu and 
0.51 mm Al added filtration. The target 
distance was 50 cm. Spleen homogenates 
were prepared by a method similar to that of 
Cole et al.(9). Spleens from decapitated 2- 
to 3-week-old mice were removed, freed from 
adhering adipose tissue, placed in Earle’s 
buffer(11) and ground, in batches of about 30, 
in a Potter-Elvehjem type homogenizer. More 
buffer was added to give a final dilution equiv- 
alent to 2 spleens per ml. The suspension was 
allowed to stand a few minutes until large 
clots appeared and was then filtered twice 
through thin layers of glass wool. Within a 
few hours after irradiation each mouse was 
given a single injection of 0.5 ml into a tail 
vein through a No. 24 needle. Mice from 
each treatment group were given the injec- 
tions in rotation to minimize variations in 
spleen preparation and in time of injection. 
Proteus Kf7 (Kaufmann), an organism for- 
eign to our mice, was used for infection. A 
lyophilized culture was inoculated into horse 
meat infusion broth and incubated at 37°C 
for 24 hours. A 24-hour subculture was cen- 
trifuged and the organism resuspended in 
sterile saline to give a 1:10 dilution of the 
subculture for immediate injection. Each 
mouse was given 0.2 ml subcutaneously in the 
region of the groin. Injections of 1.25 mg 
streptomycin sulfate in 0.2 ml were given 
under the dorsal skin daily beginning 5 hours 
after the injection of Proteus. This dose was 
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FIG. 1. Geometric means and stand. errors of leu- 
cocyte counts with and without inj. of spleen 
homogenate within a few hr after irradiation. 


half of that previously found to be approxi- 
mately optimal for the treatment of experi- 
mental Proteus infection(6). Leucocyte 
counts were made from tail blood. The values 
are shown as geometric means with standard 
errors and are derived from 5 experiments in 
which irradiation and the injection of spleen 
homogenate were essentially the same as in 
the experiment reported in detail here. 

Results. A composite graph showing the 
effect of spleen homogenate on leucocyte count 
is given in Fig. 1. The start of recovery is 
usually apparent by the 7th day, while in the 
irradiated controls the counts usually remain 
below 1000 per cu mm for 14 days. 

Survival curves following inoculation with 
Proteus are shown in Fig. 2. The 4 groups in 
the first block had been irradiated 5 days 
previously and parallel groups in the second 
and third blocks 7 and 10 days prior to in- 
fection. Most of the deaths occurred in less 
than 2 days after infection. Of 19 non- 
irradiated mice 2 died following the Proteus 
inoculation. In each untreated irradiated 
group 90 to 100% died after infection. In 
the spleen-treated group that was infected on 
the 5th day there was little improvement in 
survival, but with infection on the 7th or 10th 
day almost half of the mice survived. Simi- 
larly, results with streptomycin were better 
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in mice infected 7 or 10 days after irradiation. 

Although the injection of spleen homo- 
genate caused no perceptible increase either in 
leucocyte count or in resistance to infection 
by the 5th day after irradiation, it had, at that 
time, caused considerable improvement in the 
efficacy of streptomycin treatment, increasing 
survival from 8% to 47%. The leucocyte 
count on the 7th day was not much higher 
in spleen-treated than in non-treated mice, but 
it was increasing rapidly and the efficacy of 
streptomycin in the spleen-treated group at 
that time, as well as 3 days later, was improved 
from a level of about 45% to approximately 
75%. 

Discussion. From the studies carried out 
in Miller’s laboratory(12) and in our own 
(4,5) it is clear that, in mice, infection is a 
determining factor in postirradiation death or 
survival. Further experiments(10) strongly 
suggest that in this species the efficacy of post- 
irradiation injection with spleen homogenate 
is largely dépendent upon its action in restor- 
ing defenses against bacterial invasion. Al- 
though such treatment accelerates recovery of 
all hemopoietic elements, phagocytosis stands 
out as the logical factor of critical importance 
in the experimental conditions employed here. 
By giving sub-lethal irradiation and injecting 
the organism subcutaneously, intestinal epi- 
thelial barriers were by-passed; when infection 
was given on day 5 or 7 the experiment was 
essentially complete before anemia developed; 
and by injecting an organism foreign to our 
mice which kills in less than 48 hours, the 
possible contribution of specific antibodies was 
almost certainly excluded. The extent to 
which preformed nonspecific antibodies may 
influence resistance to infection under the con- 
ditions of these experiments is not known. 

The results here demonstrate a dependence 
of streptomycin therapy upon the level of host 
defenses, both in natural recovery and in re- 
covery under the influence of injected spleen 
homogenate. The extent of this dependence 
is particularly critical for the irradiated mouse 
during the first 2 weeks when the leucocyte 
count is very low and antibody formation has 
ceased. This depleted state of the host de- 
fenses may reasonably account for many of 
the undramatic results frequently observed 
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FIG. 2. Cumulative survival curves following subcutaneous inj. of Proteus Kf7 5, 7, and 10 
days after irradiation. 


with antibiotic therapy after whole-body X- 
irradiation (4,12). 


Summary. The intravenous injection of a 
homogenate of immature spleen increases the 
resistance of sub-lethally irradiated mice to 
Proteus infection and significantly comple- 
ments the action of streptomycin. 
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Use of Vi Phage Lysates in Genetic Transfer. 


L. S. Baron, S. B. ForMAL, AND W. SPILMAN. 


(20338) 


(Introduced by M. Landy.) 


From the Immunology Division, Army Medical Service Graduate School, Walter Reed Army 
Medical Center, Washington, D.C. 


Recent investigations by Zinder and Leder- 
berg(1) have indicated that genetic exchange 
in Salmonella is mediated by a bacterial prod- 
uct which they have called FA (filterable 
agent). While the active filtrates utilized in 
these experiments possess the ability to trans- 
fer (transduce) many hereditary traits from 
one strain to another, indications are that for 
the most part factors are transferred singly 
by this mechanism. It has also become evident 
that the effectiveness of the initial filtrates de- 
pends upon the presence and activation of 
lysogenic phage. There seems, in addition, 
to be good reason to suspect these phage par- 
ticles as the actual transducing agents, especial- 
ly if one considers the interpretation of varia- 
tion in bacterial viruses proposed by Bertani 
and Weigle(2). These workers have assumed 
the existence of a phage structure the specifi- 
city of which is completely or almost com- 
pletely under control of the host cell. 

Preliminary investigations in this laboratory 
have revealed an analogous system for genetic 
transfer which makes use of Vi phage lysates, 
thereby eliminating the necessity for induction 
of lysogenicity as a prerequisite in the prepara- 
tion of active filtrates. 

Materials and methods. Lysates are pro- 
duced by the action of specific Vi phage on 
strains of Salmonella typhosa employing the 
usual methods described by Adams(3). For 
these experiments, sterile stocks of Vi phage 
E, were prepared by lysis of the donor strain, 
a streptomycin resistant mutant of S. typhosa 
strain Ty2, which is xylose positive and anti- 
genically typical. The serotype of this culture 
is represented as Vi, IX, XII:d. Genotypi- 
cally, the factors under study may be depicted 
as follows: Xyl-+-, S", designating the ability 
to ferment xylose and resistance to streptomy- 
cin. The number of phage particles present 
in the lysate can be accurately determined by 
the plaque count method and in general, pre- 
pared stocks are usually found to contain 10° 
to 10'° phage particles per ml. Receptor 


strains consist of a number of Vi cultures of 
S. typhosa which are able to absorb the phage 
from the lysate without the occurrence of 
lysis. Assays of lysate supernates have indi- 
cated that more than 90% of phage particles 
originally present are absorbed by receptor 
strains. The basic experimental procedure 
involves the incubation of receptor cells in 
the presence of a phage lysate prepared from 
the donor strain. As controls, equal portions 
of the original suspension are suspended in 
both nutrient broth and boiled filtrate. After 
a 30 minute incubation period, the suspensions 
are washed, taken up in a few ml of saline and 
assayed for cell count. These suspensions are 
then examined for the presence of xylose posi- 
tive and streptomycin resistant cells. 
Results. S. typhosa strain 643 possesses 
an antigenic structure comparable to the donor 
strain, but is xylose negative and streptomy- 
cin sensitive (Xyl-, Ss). Cell suspensions of 
this strain after treatment with E, phage 
lysates of the donor culture are plated on 
Eosine-Methylene Blue (EMB) xylose plates 
to select cells transduced for the ability to 
ferment xylose. Approximately 10° cells 
spread on EMB xylose plates have given rise 
to varying numbers of xylose positive cells 
depending upon the number of phage particles 
present in the original lysate. No positives 
have ever been observed on the control plates 
although uninhibited negatives appear in com- 
paratively small number on both control and 
experimental plates (Fig. 1). The great ma- 
jority of cells of strain 643 are completely in- 
hibited when plated on EMB xylose plates. 
As a further check on spontaneous mutability 
of the xylose factor, fermentation tubes con- 
taining xylose broth with phenol red as an 
indicator were inoculated with control sus- 
pensions. Tubes were held at least 30 days 
and despite the use of dense suspensions of 
untreated cells no positive tubes were observed 
in over 200 fermentation tests. On the other 
hand, all tubes inoculated with phage treated 
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FIG. 1 (top). 


Transfer of xylose fermenting ability. Demonstrated by plating (A) cells 
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tieated with heat inactivated phage lysates, (B) cells treated with active phage lysates, on EMB 


xylose plates. 


FIG. 2 (bottom). Transfer of streptomycin resistance. 


(C) cells treated with heat in- 


activated phage lysates, (D) cells treated with active phage lysates. 


cells of the normally xylose negative strain 
643 became positive in 2-3 days. Diluted 
suspensions of treated cells calculated to con- 
tain about 10 to 20 transduced positives fer- 
mented xylose in a majority of the tubes. All 
tubes were further checked by streaking on 
EMB xylose plates. In addition, large num- 
bers of positive clones from EMB xylose plates 


were tested by streaking on nutrient agar plates 
containing 0.5 mg of streptomycin per ml and 
were uniformly found to remain streptomycin 
sensitive. 

Experiments were undertaken designed to 
demonstrate a transfer of streptomycin resist- 
ance from the donor culture, using phage 
lysates, to strain 643 as well as to a serologi- 
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TABLE I. Transfer of Streptomycin Resistance 
to S. typhosa Strain 643. 


Streptomycin resistant clones. 


Control cells Phage treated cells 


0 110 
0 160 
0 108 
1 98 
0 108 
1 ial 
0 99 


10° cells spread on nutrient agar plates and in- 
cubated 2 hr at 37°C. After incubation, plates 
were overlaid with .7% agar containing .5 mg 
streptomycin/ml. 


cally rough culture, S. tvpkosa strain Vi I 
(Bhatnagar) which is Vi positive, non-motile 
and essentially devoid of the typhoid somatic 
antigens. Experimental and control sus- 
pensions prepared as previously described 
were spread on nutrient agar plates and incu- 
bated for two hours to allow for phenomic lag 
(4,5). At the end of this period, all plates 
were overlayed with 0.7% agar containing 
0.5 mg of streptomycin per ml and incubated 
for two days. Results of a typical experiment 
are shown in Table I. The appearance of con- 
trol and experimental plates at the completion 
of the experiment is illustrated in Fig. 2. All 
streptomycin resistant clones were streaked on 
EMB xylose plates and were found to remain 
xylose negative. Phage lysates prepared from 
streptomycin sensitive as well as xylose 
negative strains were used as controls in earlier 
experiments and served to indicate that only 
factors present in the genotype of the donor 
strain could be transferred. 


Using standard cell suspensions, an attempt 
was made to relate the number of cells trans- 
duced for the xylose marker to the number of 
phage particles used in treatment. The semi- 
logarithmic graph (Fig. 3) demonstrates a 
straight line relationship between numbers of 
transduced positives and numbers of phage 
particles. The possible presence of a trans- 
forming factor liberated by the action of the 
phage and comparable to the genetically active 
desoxyribonucleic acid preparations reported 
by Hotchkiss(6) and many other investigators, 
was determined by means of a desoxyribonu- 
clease preparation (25 mg/ml).* Results ob- 
tained after treatment of the phage lysates 
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with this enzyme indicated no effect on the 
transducing ability of the lysates. 

The experiments set forth here have been 
repeated with another of the Vi phages (Phage 
K). Other Vi phages in the series as well 
as other genetic factor transductions are now 
being examined. 


Discussion. One might interpret the re- 
markable findings of Zinder and Lederberg 
(1) as a form of transformation using bacterio- 
phages, symbiotic in the donor cells, which 
after appropriate treatment become part of 
the genetic constitution of the recipient cells. 
Whether the phage is the intrinsic transferring 
agent or merely serves as the carrier of the 
genetically active material has not as yet been 
clearly established. 

The experiments reported here indicate that 
phage lysates of one typhoid strain can have 
a genetic effect on other strains in the series. 
It is pertinent at this point, to consider the 
origin of .these Vi typing phages and their 
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FIG. 3. Effect of varying number of phage 


particles. 10° cells of S. typhosa strain 643 treated 

with varying amounts of Vi phage E, and plated 

on EMB xylose agar. Xylose positive clones were 
counted after 48 hr. 


* Desoxyribonuclease preparations were tested for 
activity on purified thymus nucleic acid (kindly 
supplied by Dr. A. Saz) prior to use in experimental 
procedures, 
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practical applications. Craigie and Yen(7) 
developed the Vi bacteriophage method of 
typing strains of S. typhosa by starting with 
one phage and through a mechanism of ‘phage 
adaptation’ produced a series of specific Vi 
phages. These phages are now used in the 
routine typing of typhoid strains according to 
a revised scheme and standardized technic 
suggested by Craigie and Felix(8). Felix and 
Anderson(9) refer to a classification of strains 
of typhoid on the basis of differential fer- 
mentation of l-arabinose and xylose and state 
that a xylose negative strain retained this 
biochemical characteristic during more than 
eight years maintenance in the laboratory. 
While the obvious genetic significance of trans- 
duction by phage is of paramount importance, 
since the situation presents many problems 
with far-reaching implications, it is neverthe- 
less worthwhile to be aware of the practical 
problems likely to be encountered (see Felix 
and Anderson(9)). It is possible to conceive 
of symbiotic relationships in the Vi phage 
series wherein a number of phages may be 
carried by typhoid strains, for Rountree(10) 
has shown that a single bacterial strain can 
carry as many as 5 different latent phages. As 
far as the geneticist is concerned, the attempts 
at ‘phage adaptation’ in the production of the 
Vi phage typing series by Craigie and Yen(7) 
may afford an unparalleled tool for the study 
of symbiotic and lysogenic relationships be- 
tween bacteria and phage. The presence of 
the Vi antigen in strains of non-typhoid organ- 
isms such as Escherichia coli, S. ballerup and 
S. paratyphi C offers the opportunity for pos- 
sible inter-strain transductions and perhaps, 
ultimately, an explanation for the presence of 
this antigen in these strains. Further studies 
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with these objectives in mind are now being 
conducted in this laboratory, along with at- 
tempts at the elucidation of the underlying 
mechanisms involved. 


Summary. Lysates prepared by the action 
of specific Vi phage E; on S. typhosa strain 
Ty2 possess the ability to transfer (transduce) 
single hereditary traits to other Vi strains of 
S. typhosa. Fermentative ability and drug 
resistance have been transferred to strains 
lacking these factors. These experiments have 
been repeated using Vi phage type K with the 
same results. The data obtained showed con- | 
siderable similarity to the findings of Zinder 
and Lederberg with the advantage that in- 
duction of lysogenicity is not a necessary 
factor in the initial preparation of active fil- 
trates. The practical and genetic implica- 
tions of this system and further avenues of 
analysis have been discussed. 
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Laboratory Transmission of Fibromas 
by Means of Fleas and Mosquitoes. 


in Cottontail Rabbits 
(20339) 


(Shope) 


LAWRENCE KILHAM* AND Paut A. WokE.! 
From the Department of Health, Education, and Welfare, Public Health Service, National 


Microbiological Institute, National 


Transmission of myxoma virus by mosqui- 
toes, demonstrated by Aragao(1) in Brazil 
and recently in further detail by Fenner, Day 
and Woodroofe(2) in Australia, suggests that 
fibroma virus(3), a related agent, might be 
similarly transmitted. As will be shown Aedes 
aegypti proves to be a good vector of, fibroma 
virus from cottontail to cottontail (Sylvilagus 
sp.). Fleas collected from wild cottontails 
also transmitted virus, although results were 
less striking. These findings indicate the 
probable importance of biting insects as vec- 
tors of this disease, the natural transmission 
of which is imperfectly understood. 

Materials and methods. Virus: Fibroma 
virus employed for insect transmission was 
originally recovered from a wild cottontail 
captured at the Patuxent Research Refuge, 
Laurel, Md., and kindly given to us by Dr. 
Carlton M. Herman. Passages were made by 
intracutaneous inoculation of cottontail rab- 
bits. Fibromas used for insect transmission 
were from 2 cottontails inoculated 48 to 63 
days previously. The OA strain of Shope 
fibroma virus was used in serum neutraliza- 
tion tests. Rabbits: Cottontail rabbits were 
obtained from dealers in Kansas and Arkansas. 
Serum neutralization tests were performed in 
white domestic rabbits. Rabbits of both types 
were prepared for experimentation by removal 
of hair from the sides with clippers. Neutral- 
ization Tests: Sera from cottontails used in 
transmission experiments were tested for spe- 
cific neutralizing antibodies after inactivation 
by heating for 30 minutes at 56°C. Undiluted 
serum was mixed with equal volumes of OA 
fibroma virus, prepared so as to give final 
dilutions of 10° and 10 which represented 
100 and 10 infecting doses in these tests. 
Serum-virus-mixtures were inoculated intra- 
cutaneously into white rabbits in amounts of 
0.5 ml. Results were read in 5 days by 
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noting presence or absence of fibromas. Fleas: 
Fleas were obtained from wild cottontails 
caught in box traps in the vicinity of Rock- 
ville, Md.,} and transported in muslin bags. 
No attempt was made to identify fleas during 
experimentation, but as many as possible 
were recovered for identification.) Three 
species were involved: Cediopsylla simplex 
(Baker); Odontopsyllus multispinosus (Bak- 
er); and Hoplopsyllus affinis (Baker); the 
first 2 species predominated. Mosquitoes: The 
mosquitoes, Aedes aegypti (Linnaeus), were 
of an old established laboratory strain. The 
adults were fed on raisins and through cloth 
on 5% sucrose solution, and were maintained 
at approximately 28°C and 70% relative 
humidity. Unless otherwise stated, the mos- 
quitoes were fed on hosts individually. Each 
mosquito was confined to a small space near 
the open end of a 20 mm diameter culture 
tube, and fed through gauze covering. Those 
allowed to take full blood meals were con- 
fined in like manner to 45 mm diameter tubes, 
in groups of 5. 


Results. Transmission by pins. Fibromas 
were induced in 3 cottontail rabbits by stick- 
ing pins to a depth of a few mm into a fibroma 
on an infected cottontail and then pricking the 
skin of a normal animal in similar fashion. 
After this procedure there was conspicuous 
oozing of blood from the fibromas but not 
from normal skin. A large triangular pin led — 
to tumors 1 to 2 cm in diameter which had 
a gross and microscopic appearance charac- 
teristic of Shope fibroma, although they de- 
veloped a crust and were regressing within 
30 days. Finer pins of stainless steel induced 
smaller tumors on 2 additional rabbits. One 
cottontail died accidentally, but both of the 


{ The animals were loaned to us by the Maryland 
Inland Fish and Game Commission, 

§ Fleas were identified by C. F. W. Muesebeck, 
Bureau of Entomology and Plant Quarantine, U. S. 
Department of Agriculture. 
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others developed specific neutralizing anti- 
bodies along with growth of the fibromas. 
These preliminary experiments gave encour- 
agement that insect transmission might suc- 
ceed. 

Transmission by fleas: Four cottontails 
were used in experiments in which flea trans- 
mission was attempted by 2 different methods. 
In initial experiments about 8 fleas were 
placed in gauze covered glass tubes (4 cm in 
diameter) which were then inverted over a 
fibroma allowing the fleas to feed through the 
open end. As gauze seemed to interfere with 
feeding it was later dispensed with and fleas 
were recovered with a suction tube to prevent 
escape at the termination of feeding. After 
a delay of 3 or 4 hours, fleas previously fed on 
an infected rabbit were then held over the 
skin of a normal cottontail. Each feeding 
episode lasted about 30 minutes, during which 
time about half of the fleas appeared to feed. 
None of these experiments in which the fleas 
were confined to tubes during both feedings 
was successful. Recipient cottontails de- 
veloped neither lesions nor immunity. Suc- 
cessful results were obtained when a fourth 
cottontail was placed in a flea-proof cage 
together with fleas which had previously fed 
on a fibroma. A total of 25 fleas was used 
on successive days and some were recovered, 
refed on fibromas, and replaced in the cage. 
Two and a half weeks later numerous scabby 
thickenings appeared on the skin of the cot- 
tontail, especially at bases of both ears, on 
one shoulder, and on both outer thighs. These 
lesions regressed in several weeks at which 
time serum from this animal, which had pre- 
viously been negative, neutralized over 100 
infective doses of OA fibroma virus. Subse- 
quent to bleeding, the rabbit was challenged 
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with virulent fibroma virus and found to be 
immune. Although biopsies were not obtained, 
we have not encountered such lesions on rab- 
bits infested with fleas. As discussed below, 
it seems possible that flea bites induce a 
shallower type of lesion than the more pene- 
trating bites of mosquitoes. 

Transmission by mosquitoes. In a pre- 
liminary experiment, 6 tubes with 10 mos- 
quitoes each were held for a partial feeding 
on a fibroma (cottontail No. 343) and then 
immediately afterwards on the skin of a 
normal cottontail for completion of the feed- 
ing. Four other tubes of partially fed mos-— 
quitoes were kept 24 hours before being held 
on the same rabbit. Six fibromas, the first ap- 
pearing in 8 days, resulted from the immediate 
transfer and 2 from the 24-hour delayed trans- 
fer, after interrupted feedings on the fibroma. 
These tumors enlarged to a maximum of 2 cm 
in diameter, remaining undiminished in size 
after 80 days. Specific neutralizing anti- 
bodies against the OA strain of Shope fibroma 
virus appeared in this rabbit within 4 weeks. 
Mutual interference in feeding resulted when 
many mosquitoes were held in a single tube. 
In later experiments mosquitoes were kept 
in individual tubes, which facilitated obser- 
vations on the number of mosquitoes actually 
feeding on both fibroma and recipient cotton- 
tails. 

The efficiency of Aedes aegypti as a vector 
of fibroma virus was demonstrated over vari- 
ous time intervals in a second set of con- 
trolled feeding experiments (Table I). Each 
day’s experiment was performed on a fresh 
cottontail and was limited to mosquitoes which 
had had only one previous blood meal on a 
fibroma. This initial feeding was interrupted 
in the case of mosquitoes refed immediately, 


TABLE I. Results of Single Feedings of Mosquitoes (Aedes aegypti)* on Recipient Cottontails 
after Initial Feeding on Cottontail Fibroma. 


Interval be- 


No. mosquitoes 


Ratio of No. 
fibromas trans- 


Initial fore feeding feeding on © No. fibromas mitted to No. 
blood meal on recipient recipient transmitted mosquitoes feeding 
Interrupted Immediate 15 18 1.20 

4 24 hr iff 15 88 

> 4 days 32 18 56 
Full lwk 24 16 67 
”? 9 2? 16 13 Pah 


Me Mosquitoes 5 days of age at time of initial feeding. 
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FIG. 1. Fibromas transmitted to cottontails by mosquitoes 14 days after full blood meal on a 
fibroma. Photo taken 35 days after mosquitoes had bitten. 


in 24 hours, and in 4 days. Mosquitoes refed 
at 7 and 14 days had had a full bloodmeal on 
fibroma. As shown in Table I best results 
were obtained when 18 fibromas resulted from 
immediate interrupted feeding of 15 mosqui- 
toes. Ais some of these vectors probably 
probed several times in the course of a single 
feeding, they may have inoculated fibroma 
virus in more than one spot. A finding of 
interest was that mosquitoes transmitted virus 
approximately as well in 2 weeks (13 fibromas 
resulted from exposure to 16 mosquitoes) as 
they did in 24 hours (15 positive out of 17 
bites). Transmission of fibromas was some- 
what less efficient in intervening periods, with 
only 18 of 32 bites being positive at 4 days 
and 16 of 24 being positive at 7 days after 
the initial feeding. In a control experiment, 
5 mosquitoes fed on areas of unaffected skin 
3 inches away from fibromas of an afflicted 
cottontail. No fibromas resulted when these 
mosquitoes were interrupted in their feeding 
and refed immediately on a normal cottontail. 
It should be pointed out that mosquitoes fed 


through cloth and on cotton soaked in sugar 
solution as well as on raisins during intervals 
between rabbit blood-meals. Gross appear- 
ances of fibromas 40 days after mosquito 
inoculation were not uniform for different time 
intervals. Those resulting from immediate 
interrupted feeding remained full and round 
with minimal scab formation. On the other 
hand, fibromas developing after the 24 hour, 
the 4 and 7 day intervals, became flat in 4 
to 5 weeks due to formation of a thick dark 
scab, which had fallen off by 40 days leaving 
a small scar. Fibromas resulting from mos- 
quitoes partially fed 2 weeks previously were 
in marked contrast to the preceding, remain- 
ing full and round, without scabbing. Many 
of them were 2 cm in diameter and bore a 
close resemblance to naturally occurring fi- 
bromas, 

In a further experiment a normal cottontail 
with no fur removed was placed in a mosquito- 
proofed culture chamber. Twenty-four 19- 
day old mosquitoes were released into this 
chamber immediately following a partial 
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TABLE ITI. Persistence of Capacity to Transmit Fibroma Virus Shown by Aedes aegypti* in 
the Course of Repeated Interrupted Feeding. 


Intervals between 
initial feeding and 
successive bites 


No. mosquitoes 


Ratio of No. of 
fibromas trans- 


No. fibromas mitted to No. of 


on recipients biting recipient transmitted mosquitoes biting 
Days ae ; 
it A.M. 13 6 46 
P.M. 13 6 46 
2 8 2 25 
3 A.M. 8 il 13 
P.M. 8 2 25 
7 5 None 0 


* Mosquitoes 20 days old at time of initial feeding. 


blood-meal on a fibroma. All mosquitoes had 
opportunities to feed on the enclosed rabbit 
overnight and 10 of them to feed over the 
following day and night. Two weeks later 
2 fibromas had developed, one on the upper 
eyelid and a second one at the inner canthus 
of the same eye. No tumors were located 
elsewhere on the body of this animal. Spe- 
cific neutralizing antibodies developed in the 
serum during the disease. 

A final experiment was performed to deter- 
mine how long individual mosquitoes might 
continue to transmit fibromas in the course of 
successive interrupted feedings. As shown in 
Table II, 12 fibromas were induced on a fresh 
cottontail by 2 separate feedings of 13 mos- 
quitoes within 24 hours of feeding on a fi- 
broma. After 4 previous bites, 8 mosquitoes 
induced 2 fibromas on the afternoon of the 
third day, but 5 of these 8, biting a fresh 
cottontail on the 7th day, failed to transmit 
fibroma virus. In gross appearance tumors 
induced in this experiment underwent scab 
formation and regression within 40 days, being 
comparable to tumors transmitted in 24 hours, 
4 and 7 days in the experiment described 
above (Table I). The same fibroma-bearing 
cottontail (No. 337) was used for initial feed- 
ing in all experiments indicated in Tables I, 
II, which were carried on more or less con- 
comitantly. 

The lower percentage of transmission at- 
tained in the final experiment may be ac- 
counted for in part by the fact that the 
mosquitoes were allowed only to pierce rather 
than to feed for an extended time. An 
unusually high mortality in this group of mos- 


quitoes, however, complicates interpretation 
of results obtained. Deaths of the last 5 
mosquitoes terminated this experiment. 
Discussion. Success of other investigators 
(1,2) in transmitting myxomatosis by means 
of mosquitoes suggested that similar results 
might be obtained with Shope fibroma. There 
is evidence indicating that myxoma and fi- 
broma are closely related if not variants of 
the same virus. Thus, one may be trans- 
formed into the other(4), there is a high 
degree of reciprocal cross immunity(5), both 
are chronic benign diseases of cottontail 
rabbits (Sylvilagus), one in South America 
(1) and one in North America(3), and 
finally both can be transmitted by similar 
vectors. Fenner has recently reviewed classi- 
fication of these 2 agents(6). As fibroma virus 
is transmissible by pin pricks, it would seem 
that mechanical transfer might be possible for 
a variety of biting insects. Philip(7) found 
that triatomid bugs would transmit fibroma 
among domestic rabbits. Domestic rabbits 
however are not a natural host and react 
differently to fibroma virus than do cotton- 
tails. We have therefore confined experiments 
to the natural host (Sylvilagus), hoping that 
results might give some clue to modes of 
transmission operative in nature. Fleas, an 
abundant parasite on most wild cottontails, 
were used in initial transmission experiments. 
Positive bites were obtained only when fleas, 
after feeding on a fibroma, were released on 
an enclosed cottontail. Resulting lesions were 
crusted and pox-like, leading to as high a 
level of circulating antibodies in the course of 
infection as did typical fibromas induced by 
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mosquitoes in other cottontails. It is con- 
ceivable that flea bites are less penetrating 
than those of mosquitoes and thus result in a 
more superficial type of lesion. Similar le- 
sions have been found in wild grey squirrels 
(Sciurus carolinensis) in association with spe- 
cific neutralizing antibodies and flea infesta- 
tion(8). These animals may also have typi- 
cal fibromas(9). 

Aedes aegypti is an efficient vector of fibro- 
ma, transmitting virus immediately and up to 
2 weeks in a high proportion of bites. Trans- 
mission is presumably mechanical for the first 
few days. It is difficult, however, to under- 
stand how virus can persist on the proboscis 
of a mosquito for 2 weeks, during which time 
the insect has been feeding on raisins or 
through cloth on sugar water. That virus 
may get rubbed off is suggested by the final 
experiment. Here, although numbers were 
small, 5 successive partial feedings in 3 days 
led to a reduction in numbers of tumors in- 
duced. In general, results obtained in trans- 
mitting fibroma parallel those obtained by 
other investigators in mosquito transmission 
of myxoma(1,2) and of fowl pox(i0-12). 
This similarity of behavior gives support to 
the hypothesis suggested by Fenner(6) that 
these disease agents are related. It would 
seem to us that further experimentation should 
be carried out to prove or to disprove whether 
these viruses proliferate in the transmitting 
mosquitoes. Fenner and Day(11), however, 
believe that myxoma and pox viruses are 
spread by mechanical means, the mosquito 
serving figuratively as “flying. pins’’. 

After mosquitoes carrying fibroma virus 
were released to feed at will on a recipient 
cottontail, the animal subsequently developed 
fibromas close to one eye. Aragao(1), men- 
tions that the only myxoma tumors found on 
a wild Brazilian cottontail were in this loca- 
tion. Natural fibromas are usually found on 
the feet and legs of wild cottontails, the reason 
for which is unknown. One may speculate 
that either some native mosquitoes are at- 
tracted to the shorter fur of these areas or 
that some different vector is involved, as 
Shope(13) has suggested. There would seem 
to be several factors which would favor trans- 
mission of fibromas in nature. One factor is 
the long persistence of virus in fibromas(8). 
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A second factor of possible importance is that 
these highly vascular, superficial tumors are 
readily fed upon by at least 2 blood sucking 
insects. Thirdly, as we have shown, at least 
one type of vector can transmit the virus for 
a considerable period of time after a single 
feeding. To fully investigate natural modes: 
of transmission one would need to find an 
area in which cottontail fibromas are epi- 
zootic; a situation which, in our experience, 
has been difficult to locate. 

In summarizing present experiments, it 
would appear that mosquitoes may function as 
more than “flying pins’, especially if one con- 
siders the variation of appearance in fibromas 
5 to 6 weeks after their inception. Those trans- 
mitted immediately and in 2 weeks were 
larger and persisted with little change after 
40 days while those from intervening periods 
became scabby and regressed early, so that 
only scars remained after 5 and a half weeks. 
The latter tumors were comparable to those 
transmitted by pins whereas the former, espe- 
cially those transmitted after 2 weeks, bore 
a close resemblance to naturally occurring 
fibromas. Possibly virus transmitted in inter- 
mediate intervals was less in amount or at- 
tenuated by exposure on the mosquito pro- 
boscis. A possible explanation of the larger, 
more characteristic appearance of the other 
tumors might be that virus was fresh and 
fully virulent on immediate transmission. If 
virus growth took place in the mosquito after 
more than a week, virus transmitted in 2 
weeks might again be fully virulent. All mos- 
quitoes used in these particular experiments 
were of ‘the same lot and had their initial 
feeding on the same fibroma-bearing cotton- 
tail. Although full interpretation of phenome- 
na encountered on a small number of cotton- 
tails is difficult, it is not unreasonable to sup- 
pose that Aedes aegypti may serve initially 
as a mechanical and subsequently as a biologi- 
cal vector of fibroma virus. Continued experi- 
ments are being carried out in an effort to 
further test this hypothesis. 

Summary. 1. Fibroma virus may be trans- 
mitted from cottontail to cottontail by means 
of pin pricks, fleas found on cottontails, and 
by the mosquito Aedes aegypti (Linnaeus). 2. 
Aedes aegypti transmits fibroma virus under 
favorable circumstances, in as high a propor- 
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tion of bites at 2 weeks following initial term 
feeding as at 24 hours. 3. Virus carrying 
mosquitoes induced fibromas on the eyelid 
and close to the eye of one cottontail when 
given the opportunity to feed at will. 4. Pos- 
sible mechanisms involved in mosquito trans- 
mission are discussed. 
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Effect of Calcium Salt of Versene upon Metabolism of Plutonium in the 


Rat.* 
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From the Divisions of Medical Physics, Experimental Medicine, Radiology, Crocker Laboratory, 
University of California, Berkeley and San Francisco. 


Because of the potential hazard of the 
fission products and fissionable materials to 
individuals who may have been exposed to 
them, considerable interest has been devoted 
to the pharmacology of these radioactive sub- 
stances as well as the development of methods 
for removing them from the body. Any pro- 
cedure which results in a greater than normal 
elimination of these materials from the body 
has value from two points of view, first it can 
reduce the ultimate hazard to the contam- 
inated individual, and second it allows a more 
accurate estimation of the degree of contam- 
ination which may be suspected in personnel 
exposed to such hazards. 

One of the compounds which has received 
attention as a decontaminating agent has been 
the sodium and calcium salts of ethylene di- 
amine tetra-acetic acid, later referred to as 
Versene. The pharmacology of this organic 
compound has been reviewed in detail by the 
Bersworth Chemical Co.(1). Popovici e¢ al. 
(2) investigated the control of serum calcium 
levels using the sodium and calcium salts of 


* This document is based on work performed 


under the auspices of the Atomic Energy Commission. 


Versene. They demonstrated that the sodium 
salt was many times more toxic than the cal- 
cium salt due to the fact that the former com- 
pound combined with the serum calcium and 
produced death by hypocalcemia. Cohn e¢ al. 
(3) has recently investigated the effects of 
the calcium salt upon the deposition and re- 
tention of radio-yttrium using rats as the ex- 
perimental animals. In their studies the 
Versene salt and radio-yttrium were adminis- 
tered intraperitoneally, either shortly before 
or after radio-yttrium was given. The ani- 
mals were sacrificed at intervals up to 5 days 
and a very marked diminution of skeletal 
uptake was observed in the treated animals. 
The greatest effect was noted in those animals 
which had been pretreated and the skeletal 
uptake was approximately 1/10 that of the 
control groups and the content in the liver 
was decreased by a factor of approximately 
20. Earlier studies at this laboratory have 
demonstrated that oral administration of the 
calcium salt of Versene increased the urinary 
excretion of plutonium(4). 

Methods. The dosage of Versene and mode 
of administration is summarized in each table. 
Wherever administered, Versene was given as 
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the calcium salt at a pH of 7. Female rats 
weighing from 200 to 310 g were used. The 
treated animals and controls received Pu7**. 
The dosage varied in the several experiments 
from 0.18 to 0.09 wc. The plutonium was ad- 
ministered at plutonyl nitrate in the presence 
of 0.01 M bromate which kept it in +6 val- 
ance state and 0.1 M citrate which forms a 
complex with plutonium thereby preventing 
the formation of a plutonium colloid. The 
92-vear Pu?** was used rather than the longer 
lived Pu’? in order to secure a higher degree 
of specific activity and thus approach a plu- 
tonium concentration as to the number of 
atoms that might be present in human beings 
who may have been exposed to this radio- 
element and who might have of the order of 
1 wg of the longer lived isotope Pu??? stored 
in their body. In all 5 experiments the treated 
and control animals were maintained in metab- 
olism cages, each cage containing from 3 to 5 
rats. The urine and feces were collected 
separately. The organs and tissues removed 
at the time of sacrifice were assayed for plu- 
tonium content and these included: spleen, 
blood, kidney, gastrointestinal tract, muscle, 
skin, injected leg of the fourth group as well 
as the “balance” of the rat. The balance 
represented the ashed remainder of the rat 
after it had been skinned, the skeleton re- 
moved from the ash and the calculated amount 
of plutonium in blood, muscle and skeleton 
subtracted from the total plutonium content 
of the balance. In the case of the animals 
which received plutonium by intramuscular 
injection an additional correction was made 
since the injected leg was removed at the 
proximal end of the femur. Thus the balance 
may be presumed to represent structures such 
as glandular, lymphoid, connective tissue and 
cartilage. Most of the tissues were assayed 
for their plutonium content by the technic 
which has been described in detail earlier by 
Scott e¢ al.(5). In other cases specimens con- 
taining relatively large amounts of calcium 
such as the skeleton, balance, liver, skin, urine 
and feces necessitated the use of a second 
assay technic in which the chelating agent 
Thienyl Trifloroacetone was used to separate 
the plutonium from the tissue ash. This 
chemical, commonly called TTA, will effect a 
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TABLE I. Distribution of 0.18 ye of Pu at 1 
and 15 Days after I.V. Inj. to Control and Ver- 
sene Treated Rats. The former given 2 mg Versene 
LV. at time of inj. plus 3.5% in diet 24 hr prior 
to Pus inj. 3 animals in each group. Values ex- 
pressed are % of the dose per g wet wt and % 


excreted. 
4 1 day ,  -——15 days——_ 
Control Versene Control Versene 
Muscle .06 .05 OL 01 
Skeleton 2.33 2.38 2.98 3.07 
Urine .89 Bp 1.9 10.5 
Feces 2.23 DE 16.0 17.6 


quantitative removal of plutonium from ani- 
mal residues when the following method is 
employed. TTA method for separation of 
plutonium from tissue ash. 1. Add 50 cc of 
2 N HNOs plus 0.1 M hydroxylamine hydro- 
chloride solution to ashed sample and stand 
for at least 2 hours. 2. Put 10 cc sample in 
centrifuge cone. 3. Add 3 cc of La(NOs)s 
without stirring (20 mg La(NO3)s per cc). 
4. Add 10 cc of 12 M HF and stir. 5. Centri- 
fuge for 5 minutes at 2000 rpm. 6. Pour off 
supernatant when precipitate is well packed 
down. 7. Add 10 cc of 1.5 M HF to cone and 
stir precipitate. 8. Centrifuge again 5 minutes 
at 2000 rpm and pour off supernatant when 
precipitate is well packed down. 9. Stir pre- 
cipitate to break it up. Add 25 cc of 3.5 M 
A1l(NO3)3 and stir until precipitate dissolves. 
10. Add .25 cc of 0.1 M NaNOs. 11. Stir and 
let stand at least 15 minutes before pouring 
into a separatory funnel. 12. Add 10 cc of 
TTA solution containing 25 g of TTA in 500 
cc of benzene and shake 10 minutes. 13. Let 
stand one hour and drain off bottom layer of 
liquid. 14. Wash twice with distilled water. 
15. Add 10 cc of 8 M HNOs and shake 15 
minutes. 16. Let stand for 5 minutes. 17. 
Drain product and 8 M HNOs rinse from 
separatory funnel into porcelain, gold at plati- 


num dish. 18. Evaporate to dryness and 
count. 
Results. The results obtained from the first 


2 experiments are summarized in Table I, and 
show that the oral administration of Versene 
is not an effective way of removing plutonium 
from the rat. The simultaneous injection of 
Versene intravenously at a dosage of 8 mg per 
kilo of body weight had little effect on altering 
the eventual distribution of plutonium in the 
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TABLE II. Distribution of 0.09 ye of Pu, 15 Days after I.V. Inj. in Tissues of Control and 
Versene Treated Rats. Values expressed as % of dose/organ and g wet wt. Corrected to 100% 
recovery. Average recoveries were 88.7% for the 10 animals in control group and 89.7% for 
the 9 animals in Versene group. 186 mg of Versene given I.P. at time of inj.; 3.5% in diet 
starting 24 hr prior to Pus inj. ' 
_—_——_—_—_—_——————eeeeee—e—e——EE—E—EEE——aaSVSSS 


¢ Control Versene 
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Pw ST yy ei ee a oc 
Mean* Mean* Mean* Mean* 
% per stand. stand. Jo per stand. stand. 
organ error % per g error organ error %perg error 
Spleen 60 = .06 H(i te D3) slit se HOS Al) ae Ae) 
Blood 40 04 02 <.01 .28 05 .02 <<. (i 
Liver 8.77 52 89 04 3.59 .38 .39 04 
Kidney 1.37 ale} 76 07 50 08 26 05 
G.I. tract .88 07 — 32 04 —_— a 
Skeleton 55.4 92 2.62 12 30.6 20 1.35 09 
Muscle 1.39 ails! 01 <.01 Sil .10 <.01 = 
Balance 2.70 15 — — .90 .10 — 
Skin 1.48 12 03 Ail 1 06 Ol <.01 
Urine 6.16 19 —_ — 50.6 1.28 — —— 
Feces 20.9 77 — —- iar 29 — == 
> dev? 


* Mean stand. error + = 


VY n(n-1) 


, for Tables II, III and IV. 


TABLE III. Distribution of 0.11 ue of Pu’, 15 Days after I.M. Inj. in Tissues of Control and 
Versene Treated Rats. Values expressed as % of dose/organ and g wet wt, corrected to 100% 


recovery and representing only plutonium absorbed from inj. site. 


Average recoveries were 


90.9% for the 9 animals in control group and 86.7% for the 10 rats in treated group. 140 mg 
Versene given I.P. for first 5 days, none for following 3 days, 155 mg daily for next 7 days. 


-V ersene——_——_,, 


Contro]——_—_______, —oo 
Mean* Mean* Mean* Mean* 

% per stand. stand. % per stand. stand. 

organ error % per g error organ error % perg error 
Spleen 44 + .05 64 4 03 20M ROD SOUSS faim Sa(Y} 
Blood AT 04 <.04 — 16 .02 OL <a () 
Liver 6.50 Oo 97 .09 2.12, 16 17, 01 
Kidney .94 06 61 05 .38 03 PS <.01 
G.I. tract .80 12 a -- pil .03 — — 
Skeleton 63.6 70 4.39 shZ. 34.4 Mee 2.04 2 
Muscle 1.21 13 O01 <a .66 .06 <.01 —_— 
Balance 4.29 ctl — — 1.08 19 — 
Skin 1.03 10 04 <<a (0 .36 .03 OL <a) 
Urine 4.10 ef Us) — — 47.1 2.18 — 
Feces 16.6 ald — — ee 1203 — — 
Left leg 24.4 = — — 3.19 — = = 


* See footnote, Table II. 


tissues in animals which were also being fed 
3.5% Versene. Although the group summar- 
ized in Table I had an increased urinary plu- 
tonium excretion no significant reduction was 
observed in the amount of plutonium found 
in the skeleton, and muscle. 

The parenteral administration of large 
amounts of Versene to rats following a dose 
of plutonium is capable of reducing the plu- 
tonium stored in most tissues of the body. 
When plutonium was administered intraven- 
ously and Versene given parenterally, a sig- 


nificant decrease of plutonium in the tissues 
of rats sacrificed 15 days following plutonium 
administration was observed. These data are 
summarized in Table II. There was nearly an 
8-fold increase of urinary excretion with the 
administration of Versene. The amount of 
plutonium found in liver, muscle, skin and 
balance of these treated animals was signifi- 
cantly less than that in the control. The 
amount of plutonium retained by the skeleton 
was nearly one-half that of the untreated con- 
trol animals. A comparison of these data with 
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THE EFFECT OF CALCIUM EDTA ADMINISTRATION 
TO RATS ON THE URINARY EXCRETION OF Pu238 


Ca EDTA 
3.5% in diet and 
@ = (Q) 2mq injected ISt day 
4 — (b) 186mg injected ISt day 
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those obtained in the first 2 experiments indi- 
cates that the greater effect was apparently 
due to the administration of large amounts of 
Versene parenterally as compared to the action 
of this compound when present in the diet, 
since the treated animals in Groups 2 and 3 
had the same diet. 

The results obtained by the multiple injec- 
tions of large amounts of Versene in animals 
on a normal diet are summarized in Table ITI. 
In general the results are very similar to those 
noted in the third experiment. An interest- 
ing observation in the fourth experiment was 
the effect of Versene upon the increased ab- 
sorption of plutonium from the site of the 
injection, which was by the intramuscular 
route. Fig. 1 presents graphically the effect 
of Versene upon the urinary excretion of plu- 
tonium for the second, third, and fourth ex- 
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periments. There was apparently some in- 
crease of urinary excretion in all 3 groups 
and it seemed greatest in the fourth group. 
Fig. 2 indicates that the parenteral admin- 
istration of Versene nearly a month after plu- 


tonium was given produced quite a prompt 


and definite increase of its excretion. The 
complete distribution of plutonium in the 
tissues in the fifth experiment is shown in 
Table IV. The fecal excretion of the Ver- 
sene-treated and control animals was nearly 
the same. The depletion of plutonium in the 
tissues and organs was minimal. The greatest 
effects were seen with spleen, skin and bal- 
ance. Here the plutonium content was re- 
duced by nearly a factor of two. The skeletal 
content of plutonium was significantly lower 
in the Versene-treated animals but the reduc- 
tion was not as great as that observed in the 
soft tissue. 

Discussion. These studies indicate that 
prolonged oral administrations of Versene at 
levels that approached a significant degree 
of toxicity did not produce a pronounced 
depletion of plutonium in the soft tissues and 
had little or no effect upon the skeletal content 
of this element. The parenteral administra- 
tion of small amounts of Versene likewise ap- 
pears to be productive of little effect. The 
parenteral administration of large amounts of 
Versene at the same time plutonium was given 
appeared to decrease the skeletal content to a 
significant degree and also increase the ab- 
sorption from the intramuscular site of injec- 
tion. The latter observation is of interest 
since a very probable route of exposure of an 
individual to plutonium might be by sub- 
cutaneous or intramuscular introduction into 
the body. It would be of interest to determine 
if the parenteral administration of Versene is 
capable of reducing the plutonium content in 
the lungs following its inhalation as an aerosol 
and more particularly in a chemical state 
which can be absorbed and enter the blood 
stream, Scott e¢ al.(5). 

A comparison of these studies with those of 
Cohn e¢ al.(3) are of interest in that the effect 
they observed was much greater than that 
noted in the experiments described in this 
paper. However, it should be kept in mind 
that in the studies by Cohn e¢ al.(3) the 
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TABLE IV. Distribution of 0.12 ye of Pu in Tissues of the Rat 50 Days after I.V. Inj. 

Values expressed as % of dose/organ and g wet wt and corrected to 100% recovery. Average 

recovery of the 10 control animals was 82.3% and 90.0% for Versene treated animals. 162 mg 
Versene given daily by I.P. from 25th to 50th day following Pu inj. 

Se  ——eeEeeEeeeSeaaeaeseanaeEeEeEeEeEeeEeEeE—— 


——————— Contro]——__—______ >———_ Veersene-——_—__-—___, 
Mean* *  Mean* Mean* Mean* 

% per stand. stand. J per stand. stand. 

organ error % per g error organ error %operg error 
Spleen 91 == +05 NAO ae a aed Lf 45 + .07 MO Be +10) 
Blood 15 <.01 01 <.01 14 <a Oil 01 <.01 
Liver 5.25 44 63 07 4.90 67 47, 06 
Kidney 68 .07 sth 05 65 02 32 01 
G.I. traet 29 .04 — —- 16 .02 — — 
Skeleton 61.2 Teas 3.29 16 52.0 1.08 2.74 09 
Muscle 1.06 18 01 <.01 .80 .09 <A il — 
Balance 3.68 15 —— — isl 18 _— 
Skin .98 04 03 <a (i 54 alla! 02 <.01 
Urine 6.33 40 — — 52 40 — — 
Feces 19.5 dled uk — — 24.1 .68 — — 


* See footnote, Table II. 


Versene compounds as well as the radio- 
yttrium were given by intraperitoneal injec- 
tion. It is entirely possible that in their 
studies a large fraction of the radio-yttrium 
was chelated before it was absorbed. Thus 
their experiments and those described here are 
not entirely comparable. 


With current information available it would 
appear that Versene is of very limited prac- 
tical values for the treatment of chronic plu- 
tonium poisoning. The relatively small in- 
crease of urinary excretion after this radio- 
element has been deposited in the skeleton 
together with the large amount of Versene 
which appears necessary would seem valid 
reasons for not giving this substance as a 
practical therapeutic agent. Moreover, in the 
rat, the administration of Versene necessary 
to secure a significant amount of urinary 
excretion is in the toxic range. The immediate 


parenteral use of large amounts of Versene 


following the accidental entry of plutonium 
into the body through cuts or abrasions would 
appear to offer some promise. Before such 
attempts might be made, careful consideration 
should be given to the problems of acute and 
chronic toxicity of Versene compounds in man. 

Conclusion. 1. Oral administration of Ver- 
sene in the rat at a toxic range did not produce 
a marked depletion of plutonium in soft tis- 
sues and had but little effect upon skeletal 
content. 2. When given parenterally large 


amounts of Versene depleted the skeletal con- 
tent to a significant degree. 3. Under these 
conditions the absorption of plutonium from 
the intramuscular site of injection was in- 
creased. 4. These experiments indicate that it 
would appear that the use of Versene in 
chronic human’ plutonium poisoning offers 
little promise. 5. The prompt administration 
of Versene in large amounts might conceivably 
be of benefit when plutonium has entered the 
body by cuts or abrasions. 


The authors wish to express their appreciation for 
the technical assistance of Miss Margaret Gee, Miss 
Marilyn Hemenway and Miss Helen Johnson. 
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Local Effects of Epinephrine on the Cerebral Cortex. 
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Recent work has shown(1) that small doses 
of epinephrine, injected intravenously or 
intra-arterially into the cat, prolong the dura- 
tion of electrically induced seizures and 
shorten the period of extinction after electri- 
cal stimulation. It seemed of interest to con- 
sider the effects of locally applied epinephrine 
on the excitability of the cerebral cortex. 


These experiments were carried out on the 
adult monkey (Macacus rhesus) under moder- 
ate Dial anesthesia (40 mg/kg). The an- 
terior part of the hemispheres was exposed; 
the dura was opened and the motor arm areas 
located on both sides. A bipolar electrode 
was placed on each hemisphere with the nega- 
tive pole in the arm area just anterior to the 
central sulcus, the positive pole, posterior. 
The selected areas were stimulated with a 
thyratron stimulator, producing condenser 
discharges of 1 msec. time constant at 50 im- 
pulses per second for 2 seconds. Stimulation 
of both areas set up equal movements in the 
corresponding hands. The voltage employed 
(around 6 volts) was just sufficient to elicit 
the chosen movement when there were no 
after-effects from previous stimulation. Corti- 
cal excitability was evaluated by recording 
cortical and muscular responses to a pair of 
stimuli, the second separated from the first by 
increasing intervals of time. The pairs of 
stimuli were applied to the hemispheres alter- 
nately 3 minutes apart. In order to discover 
whether changes in the cortical responses of 
these stimuli after local application of epi- 
nephrine accounted for the augmentation of 
motor responses, we recorded: 1) the electro- 
corticogram from the stimulating electrodes, 
2) the electromyogram from the groups of 
muscles involved, 3) the movement. 


Results. A) Control curves. The first 
stimulus evoked a movement in the opposite 


* Visiting Research Professor of Pharmacology, 
Univ. of Illinois. 
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hand; the second stimulus, initially given after 
a very short time interval, regularly elicited 
cortical and muscular after-discharges. The 
interval between the stimuli was then progres- 
sively increased until the second stimulus 
failed to produce any after-effects. This inter- 
val was generally between 4 and 8 seconds. 
Different intervals were found for electro- 
corticographic, myographic and mechanical 
measurements of after-discharges. The first 
can be recorded in the absence of the others. 
With a slightly higher voltage, cortical after- 
discharges may be accompanied by a small 
myographic pattern characterized by rhythmic 
discharges of motor units. With still higher 
voltages, the myographic record becomes com- 
plex and movement always occurs. 

B) The effect of epinephrine. After record- 
ing control curves of all responses and their 
facilitation for the series of intervals, a small 
piece of filter-paper soaked in epinephrine 
solution (1/1000) was placed on one cortical 
arm area. The electrodes were replaced, the 
positive, posterior as before, the negative, an- 
terior, on the filter-paper. Cortical activity 
was then immediately recorded and the ex- 
citability tested as before by determining the 
responses to pairs of stimuli, alternating be- 
tween treated and untreated hemispheres, at 
progressively increasing intervals (Fig. 1). 

The epinephrine employed in 3 experiments 
was a product going under the trade name of 
‘‘Suprarenin-Bitartrate”’—Winthrop; it con- 
tained synthetic 1l-epinephrine bitartrate in 
isotonic solution, 0.5% chloretone and 0.2% 
sodium bisulfite. The immediate effect of this 
solution applied on the cortex was a consider- 
able decrease in amplitude with disappearance 
of high frequencies of the corticogram from 
the treated area (Fig. 2). In spite of this 
apparent depression, stimuli applied to the 
treated area produced after-discharges at 
noticeably longer intervals than on the un- 
treated side (Fig. 3). Finally, the first stimu- 
lus, which originally caused only the selected 
muscular movement, was late in the experi- 
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FIG. 1. Effect of a second cortical stimulation on the right side. 
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(1 msec. 50 impulses per sec., 


sec.) First stimulation, 4 sec. before, is not shown. 0—electrocardiogram; 1— 


corticogram of the hand motor cortex; 2myogram of ipsilateral hand muscles. After stimula- 
tion, there follows a transitory alternation of record (1) on the right side (cortical after-dis- 
charge) and of record (2) on the left side (myographic after-discharge). 
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FIG. Corticograms of right and left cerebral 
cortex eee and immediately after local applica- 
tion of epinephrine to the right side. 


ment infrequently followed by after-discharge. 
Occasionally, this last effect was not limited 
to the treated side but appeared, after a con- 
siderable delay, on the control side, in which 
case there was always a parallel modification 
of the electrocardiogram, with bradycardia 
and arrhythmia, suggesting passage of epi- 
nephrine into the circulation. Three other 
experiments performed with a freshly pre- 


pared solution of epinephrine with 1/1000 
barbiturate and three experiments with a 
similar epinephrine solution with 1/1000 
chlorhydrate instead of barbiturate failed to 
show the cortical depression observed in our 
first experiments.+ It is thus possible that 
that phenomenon may be due to chloretone, 
though similar effects have been obtained with 
eserine and acetylcholine on the cat’s cortex 
by Miller, Stavraky and Wooton(2). Local 
application of these epinephrine solutions 
elicited, however, in all our experiments the 


R 
tenes 
FIG. 3. Kymographic record of the same move- 
ment on both sides. On the left after application 
of epinephrine the movement following a right 
cortical stimulation is complicated by an after- 
discharge after the second stimulation. 


{+ From previous work in this laboratory it is 
known that bisulfite in the concentrations employed 
here does not depress cortical activity. 
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appearance of muscular after-discharges for 
longer intervals than on the untreated side; 
we further found an increase in duration of 
cortical after-discharges and a decrease of 
about 30 percent of the voltage necessary to 
produce movement. This observation may 
be of interest in connection with McCulloch’s 
recent findings(3) that eserine and atropine 
which generally sensitize and inhibit central 
acetylcholine effects and which have been 
found to prolong and to shorten respectively 
the period of cortical facilitation, do not pro- 
duce any change in the cortical threshold to 
electrical stimulation. 


Local application of an epinephrine solution 
1/10,000 as well as that of isotonic saline, was 
ineffective in our control experiments. 

Conclusions. 1. On the basis of these re- 
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sults, it may be concluded that epinephrine 
stimulates neuronal aggregates in the cere- 
bral cortex. 2. The local effect is marked by 
an increase in duration and intensity of the 
period of over-excitation subsequent to a 
stimulus eliciting movement, and it is char- 
acterized by the appearance of after-discharges 
of cortex and muscle after stimuli just suffi- 
cient to produce movement. 
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Recent preliminary evaluation of gamma 
globulin as a prophylactic agent for poliomye- 
litis in children by Hammon, Coriell, Wehrle, 
Klimt, and Stokes(1), demonstrated signifi- 
cant temporary protection. Experimental 
study of gamma globulin to determine dosage, 
time of administration, and duration of passive 
protection, becomes a matter of considerable 
importance. 

The data in the present report deal ex- 
clusively with studies in mice which offer a 
convenient though limited tool for investigat- 
ing certain quantitative aspects of the prob- 
lem. Bodian(2) protected cynomolgus mon- 
keys with doses of gamma globulin as small 
as 0.1 ml/kg of body weight when the polio- 
myelitis virus was fed immediately after the 
administration of gamma globulin. Adams 
and his co-workers(3,4) found that when 
cynomolgus monkeys were tonsillectomized, 
much larger doses were required for protection. 


A dose of 2.0 ml/lb inoculated 24 hours prior 
to the feeding of virus gave complete protec- 
tion. Rhodes and Clark(5) reported an in 
vitro neutralization titer of approximately 
10°%° for gamma globulin tested against 
Lansing virus in mice. Hammon, Cheever, 
and Sather(6) obtained some protection 
against poliomyelitis in suckling mice with 
gamma globulin in 0.05 ml/lb dose. 


Methods. A rodent-adapted Y-SK strain* 
of poliomyelitis virus was employed. After 4 
intracerebral passages through mice, virus-in- 
fected brains and spinal cords of 7 mice were 
harvested aseptically and emulsified in dis- 
tilled water to a 10% suspension. This sus- 
pension was titrated by intracerebral inocula- 
tion of white mice. The LD; dose calculated 
at 21 days according to the Reed-Muench(7) 
formula, was 10°°-°°. The 10% suspension 


'* Kindly provided by J. R. Paul. 
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was stored in a deep freeze with dry ice and 
was used as source of virus for all experiments 
in this report. Samples were thawed as needed 
and appropriately diluted in sterile distilled 
water to contain 50 LDs» doses of virus in a 
0.03 ml intracerebral inoculum, as estimated 
by titration at the start of this series of ex- 
periments. Each experiment was controlled 
for virus potency by a group of mice inocu- 
lated with virus alone. Mice were examined 
for paralysis or death daily for a period of at 
least 5 weeks. The gamma globulin employed 
was a concentrate of pooled human plasma 
gamma globulin provided by the American 
National Red Cross (Immune Serum Globulin 
Human 160 mg of gamma globulin per cc 
Squibb). Jn vitro neutralization tests were 
performed in the usual way(8). Constant 
amounts of virus were mixed with an equal 
volume of dilutions of gamma globulin in 
sterile saline. The mixtures were kept at 
37°C for 1 hour and in the refrigerator over- 
night, then inoculated intracerebrally into 
groups of 8 white mice. 


Results. In vitro neutralization. The con- 
centration of gamma globulin required for 
50% survival at 30 days, calculated according 
to the Reed-Muench method of accumulation 
totals, was 10°. Since the mice in this ex- 
periment averaged 22.5 g weight, 0.015 ml of 
this concentration of gamma globulin (1/ 
1130) corresponded to a dosage of 0.0006 
ml/kg body weight. 

In vivo neutralization. In this experiment, 
- gamma globulin in varying amounts was in- 
oculated intraperitoneally into mice 1 day 
prior to the intracerebral test dose of virus. 
A divided dose was used only in the group re- 
ceiving the largest amount of gamma globulin, 
where the second injection was given 48 hours 
Jater. The 30-day results are shown in Table 
I. The gamma globulin dosage was com- 
puted on the basis of average mouse weight 
of 22.5 g in this series. The 50% neutraliza- 
tion dose of gamma globulin, when given 1 
day before virus inoculation, was calculated 
as 8.5 ml/kg. This was more than 14,000 
times the 0.0006 ml/kg dose which sufficed 
for 50% neutralization of the same virus dose 
in vitro. 

Duration-of protection with gamma globulin. 
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TABLE I. Protective Effect of Gamma Globulin 
In vivo when Given One Day before Poliomyelitis 
Virus. 


Gamma globulin (ml/kg) 
BU SAAD aL Ait Sc) ey” ¢ -O) 


1/7 4/8 6/8 4/8 7/8 8/8 6/8 


Mice dead or 
paralyzed 
at 30 days 

Cumulative 
mortality 
index* 


.047 .243 .461 .633 .930 1.000 


* Inclusion of 2 additional doses of gamma gilob- 
ulin between the critical values of 5 ml/kg and 50 
ml/kg introduced the factor of unequal log-dose 
intervals. Irwin’s generalization of the Reed-. 
Muench method was therefore used to calculate the 
50% neutralization dose of gamma globulin(9). 

50% neutralization dose = 8.5 ml/kg. 


The purpose of this experiment was to de- 
termine the optimal interval for administra- 
tion of gamma globulin prior to injection of 
virus. Use of an excessively high dose of 
gamma globulin was to be avoided therefore. 
Three-week-old mice were divided into 11 
groups. All groups except the control re- 
ceived 0.09 ml of gamma globulin intraperi- 
toneally but on a staggered schedule. When 
all mice were injected simultaneously with the 
constant challenge dose of virus 2 months 
later, the interval between the prophylactic 
and infective inoculations varied from 2 
months to one-half hour in the different 
groups as indicated in Table II. When the 
amount of gamma globulin was referred to 
average body weight of 22 g on the day of 
infection, the dosage was calculated as 4.1 
ml/kg. Table II shows the results at different 
preinfection intervals. Since there was no 
single correct date for terminating the experi- 
ment, Table II records the results obtained 
at 21, 30, and 38 days after infection. After 
38 days, new cases among the mice had 
virtually ceased. At 21 days after infection, 
the groups which had received gamma globu- 
lin up to 4 days prior to infection, all showed 
survival of one-half or more mice. None of 
the other groups showed significantly greater 
survival than did the untreated controls 
(17%). At 38 days, only the 4-day pre- 
treated group continued to show any large 
number of survivors (5 of 8). The chi-square 
test for significance of the difference between 
the 4-day group and control group, gave a 
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TABLE Il. Protective Effect of Gamma Globulin* In vivo when Given at Varying Intervals before 


Poliomyelitis Virus. 
NN ——————————————————————————ee 


Mice dead ~—————————Time gamma globulin preceded virus——————_ Control: 
Days after or vo Days a no gamma 
infection paralyzed 60 46 32 14 7 4, 3 2, 1 hr — globulin 
No. 4/4 4/4 6/9 8/9 9/11. 1/8 2/9) 5/10) 4 /10e a2 10/12 
ap i % 100 100 67 89 82 13 22 50 40 42 83 
(f INIG: 9/9 8/9. 10/1 53/8 5/9e es 1/0 oO 11/12 
a ll % 100 89 91 38 56 70 50 75 92 
No. 8/9) 10/1 8/8 S/O 0 7 Oya 11/12 
es i % 89 91 38 89 70 60 83 92 
Repeat experiment 
No. 9/15+ 8/13 5/10 2/10 4/10 3/10 4/710 9/11 8/13 
a i To 60 62 50 20 40 30 40 82 62 
No. 13/15 10/13 5/10 4/10 5/10 3/710 5/10 0/11 10/13 
0 i % 87 Wo 50 40 50 30 50 91 77 


* 0.09 ml intraper. 


“P” value of 0.02-0.05 (Yates’ correction for 
small numbers). The significance of this 
result is increased by the observation that 
none of 15 control groups which had received 
the same virus suspension and dose in the 
course of these experiments, showed more than 
25% survival at 30 days. In the total of 129 
control mice, mortality at 30 days was 91%. 
Especially noteworthy was the complete ab- 
sence of protection in the 7-day pretreated 
group. Three additional groups of 12 mice 
received the same dose of gamma globulin 1, 
4, or 7 days after virus inoculation. The first 
two groups showed no protection; the last 
showed only equivocal protection, and are not 
included in the table. 

Repetition of previous experiment. To test 
the validity of the observations of the last 
experiment, a similar protocol was carried out. 
In this experiment, average mouse weight on 
day of infection was 32.2 g. The same gamma 
globulin dose of 0.09 ml intraperitoneally was, 
therefore, equivalent to 2.8 ml/kg. The virus 
suspension was inoculated in 1/45 dilution as 
before. The results are also recorded in Table 
II. At 21 days after infection, the groups 
which had received gamma globulin, 4, 3, 2, 
or 1 days before infection, all showed lower 
mortality rates than did the control group. 
Amongst these, the 4-day group again ap- 
peared to have an advantage. 

Plotting the curves of mortality rate against 
time for each group, did not reveal more than 
a transitory advantage of questionable sig- 
nificance for the 4-day group as against the 


t This group received gamma globulin 28 days before virus. 


3, 2, 1-day groups. The 7-day pretreated 
group showed mortality rate curve in close 
parallel to the control group for the first 20 
days. The results then diverged, indicating 
some possible protection in this group. The 
14-day, 28-day, and 14-hour pretreated groups 
showed mortality rates equal to or greater 
than the control group throughout the period 
of observation. 

Application of the chi-square test to the 
30-day readings in Table II, indicated in both 
experiments a probability of 0.01-0.02 that the 
observed variations in mortality might be due 
to chance alone. These data also showed a 
statistically significant reduction in mortality 
for the combined 1, 2, 3 and 4-day groups, 
contrasted with all other groups. Combined 
mortalities were 54% vs 90%, and 42.5% vs 
77.4% (P <0.001 in both series). 

Discussion. The findings of several investi- 
gators have suggested that passive immunity 
to poliomyelitis obtained with practicable 
doses of gamma globulin was only of few 
weeks’ duration(1,10-13). In our experi- 
ments on duration of passive protection, all 
groups were infected simultaneously with the 
identical virus suspension, and special effort 
was made to determine the endpoint of the 
protection period. The 0.09 ml dose of 
gamma globulin was equivalent to about 3-4 
ml/kg body weight, yet the mice showed com- 
plete loss of protection against intracerebral 
challenge within the brief space of 7 days 
in one experiment, and within 2 weeks in the 
second experiment. 


ELECTROPHORETIC PATTERNS IN HEMOPHILIC FAMILIES 


It is a matter of some interest that gamma 
globulin given intraperitoneally in mice may 
require as much as four days to achieve maxi- 
mal protection. The explanation for the lag- 
period is not entirely clear. Kramer(11) 
found that when convalescent serum was in- 
oculated into mice intraperitoneally, the level 
of poliomyelitis neutralizing antibody in the 
circulation was high the next day and fell 
sharply within the following 3 days. How- 
ever, Morgan, Schlesinger, and Olitsky(14) 
and Kramer(11) presented evidence that the 
concentration of neutralizing antibody in the 
central nervous system—the locus minoris re- 
sistentiae—was a more important criterion of 
immunity to intracerebral inoculation of virus 
than was circulating antibody. Appearance of 
antibody in the brain and spinal fluid lagged 
behind antibody in the blood(14). 

It is important then to consider that ex- 
periments on passive protection with gamma 
globulin or immune serum administered a 
customary 24 hours before intracerebral virus 
challenge, may not constitute a test under 
conditions of maximal prophylactic effect. 

Summary. 1. The dosage of gamma globu- 
lin required to protect mice against poliomye- 
litis virus intracerebrally was several thousand 
times the amount which was effective for im 
vitro neutralization. 2. The prophylactic 
effect of gamma globulin was maximal with a 
dose of 4 ml/kg intraperitoneally when given 
4 days before inoculation of virus intracere- 
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brally; at 7 to 14 days protection had ap- 
parently disappeared. 
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The appearance of an electrophoretic an- 
omaly in a group of hemorrhagic diseases has 
been described in an earlier paper(1). This 


* This study has been supported by an Institu- 
tional Grant of the American Cancer Society, New 
York City. 


anomaly, which was called a,-globulin, repre- 
sents one of the few instances in which the 
electrophoretic patterns are typical for a given 
disease or for a certain group of diseases. The 
detection of this anomaly was made possible 
by the thorough morphologic study of the 
electrophoretic patterns(2) rather than by 
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the customary determination of the relative 
concentrations of the individual protein com- 
ponents. The anomaly is more pronounced 
in the rising boundaries than in the descending 
boundaries. It possesses all of the following 
characteristics: 1. The appearance of a sharp- 
ly pointed peak (ax) which migrates some- 
what faster than the usual ag-globulin peak; 
the mobility of this a,-globulin in the rising 
boundaries ranges between 4.3 and 4.6 x 10°5 
cm? volt* sect, in veronal citrate buffer of 
pH 8.6 and ionic strength » = 0.1. 2. The 
disappearance of the usual a2- and/or a3-glob- 
ulin peaks, i.e., there is no peak perceptible 
between the ax- and the @-globulin. 3. The 
pronounced asymmetric shape of the ay-peak 
with a very steep slope towards the albumin, 
but with only a gradual decline towards the 
8-globulin. Although it cannot be ascertained 
whether the a,-globulin peak actually repre- 
sents a particular type of protein absent in 
normal and in most pathological plasma, or 
merely an electrophoretic artifact, it is pos- 
sible to calculate from this peak a relative 
concentration of protein. Accordingly, the 
ax-globulin, whenever it appears, represents 
between 6 and 15% of the total plasma pro- 
tein. To date, in a population in which blood 
diseases are represented in an unusually high 
proportion, the ax-anomaly has been found in 
102 cases out of a total of 440 individuals 
studied by electrophoresis. With very few 
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occurs only in patients with certain hemor- 
rhagic and certain allergic diseases. This 
anomaly is found with great constancy in 
hemophilia, in idiopathic thrombocytopenia 
of the acute variety(3), and in Henoch-Schon- 
lein purpura which is probably on an allergic 
basis. 

In the present paper the a,;-anomaly is 
shown to occur also in the plasma of members 
of hemophilic families although they may not 
be bleeders themselves. A relationship be- 
tween the presence of an a,-peak and the pro- 
thrombin utilization in the plasma of these 
individuals is described. The prothrombin 
utilization which is known to be high in 
normal blood but low in hemophilic blood, is 
usually high in mixtures of known hemophilic 
with normal blood. When the blood of a 
known hemophiliac is mixed with the blood 
of a member of a hemophilic family having 
an ax-peak, however, a low prothrombin utili- 
zation may be observed. 

Methods. Electrophoretic experiments were 
carried out as described in a companion 
paper(2). Test for the detection of deficiency 
of anti-hemophilic protein (prothrombin utili- 
zation): The plasma of a known hemophiliac 
is first obtained. Blood is added to 1/10 vol- 
ume of 0.2 M sodium citrate and centrifuged 
at 2000 r.p.m. for 10 minutes. Plasma from 
the individual who is being investigated is col- 
lected similarly. Equal volumes of known 


exceptions, this electrophoretic characteristic hemophilic plasma and plasma under investi- 
TABLE I. Prothrombin Utilization in Members of Hemophilic Families. 
Prothrombin time 
(sec.) of clotted 
mixture of plasma 
under investigation 
Family and known hemo- 
Name Sex Age relationship Bleeder phihe plasma ax-globulin 
Family M. 
Mary M. fe) 56 Mother = 59 — 
Sally M. fe) 20 — 55 -- 
Thomas M. A sy | _- 13 +* 
Martin M. a 15 \ Children of Mrs. =s 9 a 
Jack M. ég i [ Mary M. == 12 + 
Nancy M. Q 10 — 14 + 
Patricia M. fe) 9 — 15, +* 
Family 8. 

Mary 8. Q 42 Mother — 69 — 
William 8, a ite + 15 aa 
Joan §. Q 10 $ Children of Mrs. — 22 _ 
Gerald S. A 7 | Mary S. +- 11 + 


* + designates a doubtful ax-globulin. 
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FIG, 1. Electrophoretic plasma protein patterns of Family M. * designates a bleeder. A= 

albumin; a, a, a, 6, and + = the corresponding globulins; g, = g,.-anomaly; ¢ = fibrinogen; 

and §= remainder of §-salt anomaly; the lower lines represent the beginning gradients at 
time t = 0. 


gation are mixed. The mixture is then re- the 3 “bleeders”, W.S., G.S., and M.M., but 


calcified by the addition of 1/10 volume of 
0.2 M calcium chloride and, one hour after 
completion of the clotting, the serum is sepa- 
rated and its prothrombin activity determined 
according to the method described by Stef- 
anini and Crosby (4). 

Results. A total of 14 individuals with 
active hemophilia have been studied. An a,- 
globulin anomaly was present in the plasma 
of all 14 individuals. 

Furthermore, the plasma of the members 
of two hemophilic families which included 
three of the above mentioned “‘bleeders’’ has 
been studied. The electrophoretic patterns 
of the plasma of 11 members of these families 
are shown in Fig. 1 and 2. 

The a,-anomaly is present in the plasma of 


also in the plasma of 3 other family members, 
J.S., J.M., and N.M., who’ are not bleeders, 
including 2 females, J. S. and N.M. A some- 
what doubtful a,-peak is present in 2 other 
individuals, T.M., and P.M., in these 2 cases, 
the peak is believed to be a doubtful a,-globu- 
lin because of the presence of another peak 
in these patterns with the mobility of the 
usual ay-globulins. 

The results of the prothrombin utilization 
(prothrombin time of the clotted mixture of 
plasma of each person and known hemophilic 
plasma) are given in Table I. A low pro- 
thrombin utilization is indicated by a low 
prothrombin time; a value below 25 seconds is 
considered to be typical for active hemophilia. 
It is obvious that the low prothrombin utiliza- 
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FIG. 2. Electrophoretic plasma protein patterns of Family 8. * designates a 
bumin; 9, @ and y = the corresponding globulins; g = gx-anomaly ; o 


ELECTROPHORETIC PATTERNS IN HEMOPHILIC FAMILIES 


NZ 


Ay 


~ 
Z 


bleeder. A = al- 
fibrinogen; the lower 


lines represent the beginning gradients at time t — 0. 


tion not only appears in the plasma of the 
three bleeders, but also occurs in all those 
non-bleeding family members whose plasmas 
show an electrophoretic ay-anomaly. 

The appearance of an a,-globulin has also 
been found in three nonbleeding members 
from two other hemophilic families. 


Discussion. There is an obvious relationship 
between the appearance of an a,-globulin in 
the electrophoretic patterns and a low pro- 
thrombin utilization in the plasma of members 
of hemophilic families. Both phenomena may 
be unrelated, however, to active bleeding itself. 

From this study it is not possible to state 
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the degree to which this electrophoretic an- 
omaly is related to the heredity of hemophilia, 
nor is it possible to predict from the electro- 
phoretic patterns whether a woman will be a 
carrier of hemophilia or not. From the 7 
members of hemophilic families, who are not 
bleeders themselves but have the electrophor- 
etic anomaly, 3 are females. It is possible 
that these women will be carriers of the dis- 
ease. A woman may be a carrier of hemo- 
philia, however, without showing the electro- 
phoretic anomaly. This follows from the 
observation that the mothers of the two 
families presented in this paper do not show 
the a,-anomaly, although both are believed to 
be the carrier of hemophilia, the disease be- 
ing transmitted in both families to male de- 
scendants. 

Summary. 1. An electrophoretic anomaly, 
called a,-globulin, has been found in the 
plasma of 14 hemophiliacs, 7.e., in all of the 
active bleeders studied. 2. The same anomaly 


cole: 


also has been observed in 8 members of hemo- 
philic families who are not active bleeders 
(over 50% of this category), and who are 
not afflicted with any of the other diseases in 
which this anomaly has been found. 3. The 
electrophoretic anomaly is seen in female as 
well as in male subjects unlike the bleeding 
manifestation of hemophilia, found only in 
males. 4. There is a definite relationship be- 
tween the prothrombin utilization and the ap- 
pearance of the a,-globulin anomaly in the 
plasma of members of hemophilic families. 
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Since its discovery by Marchal(1), ectro- 
melia virus, the causative agent of mouse-pox, 
has been recovered from several stocks of 
laboratory mice in Europe(2). Although 
mice have been reported in this country with 
a disease having similar signs, the virus has 
not been recovered from stock mice in the 
United States until recently when Trentin de- 
scribed an epizootic in the mouse colony of 
the Department of Anatomy at Yale(3). The 
conditions under which he isolated ectromelia 
virus are outlined in his paper. It was be- 
lieved that the virus had been eliminated from 
the colony. However, we have recently ob- 
served a severe epizootic among our stock 
mice and have identified ectromelia virus as 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 
+t James Hudson Brown Memorial Fellow. 


the causative agent. This report serves to in- 
dicate that the infection as late as February, 
1953, was present among laboratory mice in 
the New Haven area. 


The Outbreak. A number of non-specific 
deaths began to appear in the mouse colony 
of our laboratory in October and continued’ 
through the fall of 1952. During this period 
200 pregnant mice arrived each week from 2 
dealers. In addition, 200 to 300 were raised 
in New Haven each week for use when they 
reached the age of 4 weeks. For several 
months prior to the outbreak the newborn 
mice were being employed for isolating Cox- 
sackie viruses from sewage and flies, and the 
adult mice chiefly for determining neutraliz- 
ing antibodies against Lansing poliomyelitis 
virus. The total mouse population at any one 
time was a few thousand and rarely over 5000. 
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TABLE I. Cross Hemagglutination Inhibition of Ectromelia and Vaccinia Viruses. 
—Serum titer against 5 units of : 4 
Serum source Eetromelia virus Vaccinia virus 
Mice convalescent from spontaneous ectromelia infection 80 40 
” 10 days after inj. of ectromelia virus 40 <20 
Rabbit 242, immunized against vaccinia a aH 
a (McOrae) immunized against vaccinia 160 160 


The incidence of non-specific deaths became 
so high that it was not possible to carry out 
neutralization tests in mice which had been in 
the laboratory for a few weeks. Skin lesions 
were not noted during the early part of the 
epizootic. In November occasional mice were 
seen with swollen or necrotic legs. An attempt 
to pass an infectious agent from such legs as 
well as from the livers of these mice met with 
failure. (As the recipient mice had been in 
the stock colony for at least a month, they 
might have been immune.) In January, the 
epizootic increased in virulence; the number 
of deaths in the colony increased to well over 
50% of uninoculated animals and the appear- 
ance of swollen legs, which often became ne- 
crotic, increased markedly. The hind limbs 
were involved with much greater frequency 
than the forelimbs. Lesions of the skin, gen- 
erally of the legs but also of the hairless areas 
of the body proper, were noted. 

Passage of an agent from sick mice in early 
January was successful, both in 4- and 12- 
week-old mice, newly arrived in the labora- 
tory. Intraperitoneal inoculation of 10% 
suspension of either liver or leg suspensions 
resulted in death of recipient mice, after an in- 
cubation period of about 6 days. Moribund 
animals often contained increased peritoneal 
fluid, the livers were pale (fatty) and some- 
times white necrotic foci could be found. In- 
oculation into the foot pad resulted in 4 to 5 
days in a localized swelling which was fol- 
lowed by necrosis of the distal portion of the 
limb. Death usually followed in a few days, 
although some animals recovered. The virus 
grew readily in the chorioallantoic membrane 
of the chick embryo yielding pocks such as de- 
scribed for ectromelia(4). Suspensions of 
infected membranes readily agglutinated red 
blood cells selected from chickens whose cells 
had been found to agglutinate in the presence 


of vaccinia virus. In all respects observed the 
agent behaved like ectromelia virus(2). As 
no known ectromelia virus was in the labora- 
tory, the virus was identified antigenically by 
its cross reactions with vaccinia. These con- 
sisted of cross neutralization tests in chick 
embryos and of cross hemagglutination in- 
hibition tests(5). As the virus was identified 
as that of ectromelia, it will be henceforth 
referred to by name. 


Cross hemagglutination inhibition tests.4 
Viruses. First passage ectromelia virus on the 
chorioallantois and a rabbit testicular passage 
line of the Levaditi vaccinia strain were used. 
Two-fold dilutions of virus were made in 5% 
rabbit serum in saline (10 x 75 mm test tubes) 
and to 0.2 ml of each dilution, there was added 
0.2 ml of 0.8% suspension of chicken cells 
(chicken No. 683). Readings made at 60 
minutes gave a titer of 1:320 units for ectro- 
melia and 1:640 for vaccinia. In the test 5 
units of each virus were employed, 7.e., for 
ectromelia a dilution of 1:64 and for vac- 
cinia, 1:128. 

Sera. Five sera were employed: 1) sera 
taken from mice convalescent from the natural 
disease (1-22-53); 2) sera taken from first 
passage mice 10 days after inoculation in the 
foot pad (1-29-53); 3) 4) and 5) sera from 
rabbits immunized against the Levaditi vac- 
cinia virus, No. 242 (3-27-47), No. 243 
(3-27-47), and McCrae (1-20-53), respec- 
tively. Serum was diluted in saline serially 
in twofold steps, 0.2 ml of each dilution dis- 
tributed in 2 test tubes. Ectromelia virus was 
added to one set, and vaccinia virus to the 
other, in each case 5 hemagglutinating units 
being present in 0.2 ml. After mixing, 0.2 ml 


+ Dr. J. F. McCrae kindly provided the chick 
cells, the vaccinia virus, and one of the vaccinia 
immune sera used in these tests. 
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of 0.8% suspension of washed chicken cells 
were added to each tube and readings made 
60 minutes later. The results are shown in 
Table I. 


The results show that the vaccinia sera in- 


hibit hemagglutination by either virus to the 
same degree, the serum titers being 1:80 to 
1:60. The ectromelia mouse sera yielded 
higher titers with the homologous virus. Thus 
one serum had a titer of 1:80 against ectro- 
melia virus and only 1:40 against vaccinia. A 
less potent serum yielded a titer of 1:40 
against ectromelia virus and failed to react 
with vaccinia virus at the lowest dilution 
tested, 1:20. 

Cross neutralization tests in chick embryos. 
Chorioallantoic titrations were carried out in 
12-day eggs using Burnet and Boake’s modifi- 
cation of drawing the inoculum (0.1 ml) into 
the egg during the process of lowering the 
chorioallantoic membrane to form the base of 
the artificial air sac(5). Equal volumes of 
serial dilutions of virus and undiluted serum 
were mixed, held for one hour at room tem- 
perature, and 0.1 ml of each mixture inocu- 
lated into 4 eggs. Vaccinia-infected eggs were 
examined 48 hours later; ectromelia-infected 
eggs, 96 hours after inoculation. 

The viruses in the test were first-passage 
foot pad suspension for ectromelia and the 
rabbit testicular suspension used above for 
vaccinia. Mice 10 days after inoculation of 
the foot pad suspension were the source of 
ectromelia serum, and a rabbit, No. 243 re- 
ferred to above, immunized and bled in 1947 
was the source of the vaccinia antiserum. The 
results are shown in Table II and indicate a 
cross relationship between the two viruses. 
The failure of the ectromelia serum to neu- 
tralize the homologous virus is probably an 
indication of the low antibody titer of this 
serum, for in the hemagglutination inhibition 
tests it had a titer of only 1:40 against the 
homologous virus and of less than 1:20 with 
vaccinia virus. The vaccinia antiserum neu- 
tralized both viruses. 

Discussion. The virus isolated from the 
stock colony was identified as that of ectro- 
melia by its biological properties and by its 
reciprocal relationship with vaccinia virus in 
serological. reactions. Furthermore electron 
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TABLE II. Cross. Neutralization Tests between 
Ectromelia and Vaccinia Viruses and Sera. 


Virus titer——_, 


r 


Serum Ectromelia Vaccinia 
Ectromelia mice, 1-29-53 NO 10-¢ 
Vaccinia rabbit, No. 243, 10° <li Ogee 

3-27-47 
Saline control 10+ 10° 


micrographs of thin sections of the chorio- 
allantois of embryonated eggs infected with 
the local ectromelia strain have revealed virus 
particles of the pox group(8). The conditions 
under which the epizootic arose in our stock’ 
mice are unknown. Although the natural dis- 
ease had appeared a year or so earlier in the 
stock mice of the Department of Anatomy, 
there is no known connection between mice or 
personnel handling mice in the two depart- 
ments. However, as the virus is resistant to 
drying and subsequent storage at room tem- 
perature for 8 weeks(6), infected material 
may circulate through devious routes. One 
must also consider whether ectromelia virus 
was brought in from the outside. If this in- 
fection exists among wild mice(7), then it is 
conceivable that some specimens of sewage 
and flies which were inoculated into test mice 
may have contained the virus, although we 
believe that this possibility is remote. Ac- 
cording ito available information, the disease 
does not occur in the stock mice of either 
dealer from whom mice were obtained. 

All mice in our laboratory were destroyed 
during the end of January and the beginning 
of February, 1953; all cages and bottles were 
sterilized; and the racks and room were 
washed down with 5% formalin. Virus har- 
vests from mice infected with other agents 
during this period have also been destroyed, 
for ectromelia virus was undoubtedly present 
in some of the tissue suspensions stored in the 
frozen state. A new colony was brought in 
during February and to date the disease has 
not reappeared. 


Summary. Trentin(3) has recently re- 
ported an outbreak of ectromelia (mouse pox) 
in his mouse colony at the Yale University 
School of Medicine. Another spontaneous 
epizootic in a different colony at the School is 
described in the present report. The virus 
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was isolated and was shown to be related to 
vaccinia virus by cross hemagglutination tests 
and cross neutralization tests. The infected 
colony as well as harvests of other viral agents 
prepared from mice in the colony have been 
destroyed. 
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Recently we have demonstrated in various 
animals(1) that digitoxin readily leaves the 
blood stream to enter the various organs in 
quite significant amounts. However, the pos- 
sible intracellular fate of digitoxin adminis- 
tered to the intact animal has never been de- 
termined because of the technical difficulties 
heretofore involved in such a study. Yet, in 
view of ‘the uncertainty concerning both the 
site and mode of action of this glycoside, such 
information might be of considerable value. 
This is particularly so since the intracellular 
site of various enzymes now has been de- 
termined with a high degree of certainty. 

On the introduction of the ultracentrifugal 
method for routinely isolating and obtaining 
intracellular “components (2,3) and a micro- 
sensitive assay for the quantitative detection 
of digitoxin(4), it appeared possible that some 
information could be obtained concerning the 
intracellular fate of parenterally administered 
digitoxin. The results of a study using these 
technics are reported in this communica- 
tion. 

Methods. 1. Separation and Collection of 
Intracellular Components. The methods used, 
except for slight modifications, are those which 
have been described by Schneider and Hoge- 
boom(3). The rats used were Long-Evans 
strain males, weighing 200 to 250 g. Rat liver 
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was obtained five minutes after the intraven- 
ous injection of digitoxin (1 mcg. per gram of 
body weight) and rinsed in isotonic sucrose 
until ‘the washings appeared free of gross 
blood. The liver was then forced through 
a tissue press into a beaker containing isotonic 
sucrose, the pulp weighed and sufficient su- 
crose solution added to prepare a 10% hom- 
ogenate. Hearts were grossly dissected free 
of vessels and valves, weighed and minced 
with a scissor into the homogenizer containing 
sucrose. The homogenate was spun at 600 
g for 10 minutes, the supernatant removed 
and the sediment washed, then respun again 
at the same speed and for the same period. 
The sediment obtained was identified by 
staining and microscopic study as the nuclear 
and debris fraction (Nw fraction)t The 
supernatant and washings were combined and 
spun at 5000 g for 10 minutes. The sedi- 
ment was washed again and respun at 5000 
g for 10 minutes. The sediment obtained was 
identified as the mitochondrial fraction (Mw2 
fraction), the supernatant fluid identified as 
the fraction S; (no mitochondria were seen in 
‘this fluid) described by Schneider and Hoge- 
boom(3). Similar fractions were obtained 
from the hearts of rats given the same quanti- 
ty of digitoxin, except that an additional sedi- 


+ The nomenclature used in labelling these frac- 
tions is that of Schneider and Hogeboom(3). 
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TABLE I. The Digitoxin Content of Liver and Heart Cell Fractions Immediately after Its 


Administration. 
a ect cea NS ee ee ee ee OO PS! 
_<_$_<_<—_—_—_——_—_—_—_————__——__==_—=== 

——F raction Nw——,  ——F raction Mw2——_, -—F raction 8, —_, 


% of totalin 


% of total in % of total in 


Total organ Dig., all fractions ID yi, all fractions Dig., all fractions 
dig., ug/g pg /g Dig. Nitrogen g/g Dig. N. pe /Z Dig. 
A. Liver homogenate 
5.0 -004 2 — .042 2.0 = 2.0 98 = 
2.5 N.D. N.D. 6.3 N.D. 0 8.3 1.8 100 85 
2.5 150 7.4 2.0 .03 1.5 5.8 1.8 91 92 
Sas 018 The) 6.2 OL 4) 4.5 8 97 89 
2.5 024 wey Zar NED: 0 8.1 1.4 98 90 
2.1 -138 10.2 9.8 01 BU Alla) Se) 1.2 89 75 
2.65 056 3.6 5.3 015 09 8.5 1.5 96.5 86 
B. Heart homogenate 
——F raction 8, ——\ 
2.2 zal 8.5 = -06 3.2 ile 85 — 
2.2 -06 4.8 27 02 Woy 1 ial 89 50.0 
2.0 12 5.9 29 05 Ps) Ie) 2.0 92 44.2 
2.13 -096 6.3 28 04 2.4 18 1.4 Sal. Chel 
* Liver perfused with isotonic sucrose in situ before homogenization. 


mentation of the submicroscopic particles of 
fraction Si at 22000 g resulted in the sedi- 
ment labelled fraction Pw and the superna- 
tant Ss. The heart homogenates were centri- 
fuged in a Spinco horizontal head which gives 
particularly well defined layers. All of the 
fractionations were done at a temperature 
between O and 5°C. The nitrogen of the 
fractions was determined by direct nessleri- 
zation(5). 

2. Extraction of Digitoxin for Bio-Assay. 
The Nw, Mw?2, Pw, and aliquots of the 
S fractions were diluted to 10 ml. with 
Tyrode’s solution, then shaken with 25 ml 
of CHsCl. for 1 hour at room temperature, 
allowed to chill overnight at 4°C—or shaken 
in the cold and centrifuged immediately. The 
aqueous layer was removed and the protein 
and CH2Cly layers separated by filtration. 
The CH>2Cl. filtrate was evaporated to dry- 
ness; CoH;OH (95%) was added and evap- 
orated ‘twice to remove traces of CH»Cly from 
the slight residue. The residue was taken 
up in Tyrode’s media, and assayed for its 
digitoxin content by the embryonic duck 
heart method(4). In each experiment, a por- 
tion of the intact tissue (or homogenate) also 
was analyzed for its digitoxin content in order 
to determine what fraction of the total amount 
of digitoxin in the tissue was present in each 
fraction isolated. For control purposes, iden- 
tical analyses both of intracellular components 


and whole organ fragments of animals not 
receiving digitoxin were carried out in each 
experiment. None of these control samples 
was found to affect the contractions of the 
embryonic duck heart preparation. 

Results. 1. The Deposition of Digitoxin in 
the Hepatic Cell. As Table I shows, digitoxin 
when administered to the intact rat appears to 
enter the interior of the cell. Thus the nuclear 
and mitochondrial fractions contained 0.056 
and 0.015 yg of digitoxin per gram of tissue 
respectively, 5 minutes after injection of the 
drug. The deposition of digitoxin, however, 
in these particular fractions of the homoge- 
nate was notably low compared to its ac- 
cumulation (1.5 »g/g) in the aqueous soluble 
fraction S;. This amounted to approximately 
96% of the total digitoxin found in all of 
the fractions extracted. The nitrogen assay 
of these same fractions suggested that the 
major portion of cellular protein also was 
present in this same fraction. 

2. The deposition of digitoxin in the cardiac 
cell. As in the above findings, only the 
supernatant fraction S2 was found to contain 
a significant amount of digitoxin (Table I, 
B). Thus this fraction contained approxi- 
mately 89% of all digitoxin recovered from 
the four fractions analyzed. The nitrogen 
analyses of these same fractions are interesting 
in that they demonstrate that the deposition 
of digitoxin is not a simple protein adsorption 
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phenomenon. For, while ‘the digitoxin content 
of soluble protein fraction Se is 35 times as 
great as that of mitochondrial fraction Mw2, 
the nitrogen content of Sy» is less than 3 times 
that of Mw2. 


Discussion. The present results indicate 
that although digitoxin when administered 
to the intact animal was capable of entering 
various cellular components, it appeared to 
concentrate only in that fraction (S; or Se) 
of liver or heart containing the soluble con- 
stituents of the cell and extracellular fluid. 
The trace amounts of digitoxin found in the 
nuclear and mitochondrial fractions suggest 
that digitoxin probably does not exert its 
characteristic action either at these intracellu- 
lar stations, or upon the energy producing 
enzyme-substrate complexes found therein. 
Preliminary experiments on the influence of 
digitoxin on the oxygen uptake of the various 
fractions appear to confirm this view. Al- 
though it is possible that the drug may have 
a catalytic effect at the levels found, there 
has been no work reported to substantiate 
this hypothesis. In fact, all evidence appears 
to dissociate the glycoside effect from energy 
producing systems(10). Another possibility, 
that low recovery is due to very rapid inacti- 
vation or destruction of the drug by mitochon- 
drial enzymes during fractionation may be 
eliminated since digitoxin is not destroyed 
during 4 hours of incubation under similar 
conditions. It is possible, however, that the 
great amount of digitoxin present in fraction 
S; may be stored for later use by the other 
components of the cell. Studies concerning 
this possibility are now in progress. 

Our interest naturally is centered in the 
elements of the soluble fraction. According to 
Hogeboom(6) this fraction is a highly com- 
plex mixture containing all the enzymes in- 
volved in anaerobic glycolysis, isocitric de- 
hydrogenase, acid and alkaline phosphatase, 
catalase, cytochrome C and others. Besides 
these constituents, adenosine deaminase also 
has been found in this fraction(7). It is of 
interest that Snellman and Gellotte(8) recent- 
ly have found that digitoxin is an inhibitor of 
this enzyme. Finally, in the heart it is this 
fraction too, which contains the proteins 
actin and myosin,—two substances which 
contribute fundamentally to the contractile 
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dynamics of the cardiac cell. 

Quite recently, after completion of this re- 
port, Harvey and Pieper(9) published a pre- 
liminary report about the intracellular distri- 
bution of radioactive digitoxin in the guinea 
pig heart. They report, contrary to our own 
findings, that the cellular fractions consisting 
of cellular debris, and of mitochondria, con- 
tained the greatest radioactivity and the aque- 
ous soluble fraction, the least. The reason 
for this discrepancy between their results and 
ours is not apparent from their precis, but 
it should be noted that we have analyzed the 
cellular fractions after injection of the imtact 
animal and their fractions were obtained from 
the isolated heart perfused apparently with 
a fluid other than blood. Nevertheless, it may 
be interesting if confirmation of this work 
could show that accumulation of digitoxin in 
guinea pig mitochondria, as opposed to the 
slight deposition in rat mitochondria, provides. 
a basis for the extreme sensitivity of the 
guinea pig to glycosides,.as opposed to the 
notorious insensitivity of the rat. 


Summary. ‘The hearts and livers of animals. 
given intravenous digitoxin were homogenized 
and separated by centrifugation into nuclear, 
mitochondrial and homogeneous supernatant 
fractions. More than 85% of the digitoxin 
was found in the supernatant fractions of both 
heart and liver, while the mitochondria of 
the organs contained 3 and 0.1%. 
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It has been suggested by many authors that 
the nucleic acids play some role in the mech- 
anism of protein synthesis. Spiegelman and 
Kamen(1) early proposed that the nucleic 
acids acted as special mechanisms funneling 
energy into the synthetic process. More re- 
cently Pollister(2) made the suggestion that 
some of the nucleotides in a nucleic acid may 
be energy rich di- or triphosphates. The pos- 
sible activity of such proposed phosphorylated 
compounds in acting as templates for peptide 
and nucleic acid synthesis has been described 
in detail by one of the authors(3). The pres- 
ence of adenylic acid as one of the nucleotides 
in ribonucleic acid suggested the possibility 
that myokinase might act as a phosphorylat- 
ing agent for ribonucleic acid when in the pres- 
ence of adenosine triphosphate. Experiments 
have been carried out in this laboratory which 
have led to the tentative conclusion that the 
total phosphorus content of intact ribonucleic 
acid can be increased. This preliminary ex- 
perimental work may prove to be of some 
interest in attempting to attack the problem 
of the role of nucleic acid in protein synthesis, 
but thus far the experiments are admittedly 
only suggestive. 

Methods. For the experiments undertaken 
in this study, the ribonucleic acid used was 
prepared from calf pancreas and calf liver by 
the use of sodium dodecyl sulfate(4). The 
ATP used in the experiments was the sodium 
salt made from Baz ATP previously prepared 
from rabbit muscle(5). The enzyme myo- 
kinase was prepared according to the method 
of Colowick and Kalckar(6) which is stated 
to yield a 14-fold purified material. The 
weight of ATP used in the experiments was 
equal in all cases to the weight of ribonucleic 
acid in the reaction vessel. Twenty-five mg 
of the sodium salt of ribonucleic acid were 


* This investigation was supported in part by a 
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dissolved in 20 ml of water and warmed in 
a water bath to 30°C. Five ml of ATP solu- 
tion were added and one ml of the enzyme 
solution was then added with stirring. The 
final solution thus obtained was incubated 
with shaking at 30° for varying periods of 
time. The pH of the reaction mixture was 
always between pH 7 and 7.4. At the end of 
the incubation period the solutions were 
quickly cooled to 0°C and sufficient 0.01 N 
HCl was added to lower the pH to 4.5. The 
solution was then centrifuged in the cold at 
14,000 rpm for 30 minutes to remove the con- 
taminating enzyme, together with a very small 
amount of RNA. The supernatant was de- 
canted into a small beaker containing 1.4 g 
of NaCl, which was cooled in an ice bath and 
the pH was raised to 7 by cautious addition of 
0.01 N NaOH. The sodium ribonucleate was 
precipitated by the addition of two volumes of 
95% ethanol. The precipitate was washed 
with ethanol, acetone, and finally was air 
dried. The material was then dried in vacuo 
over P.O; and was made up in water solution 
for analysis. An aliquot was digested and 
was subjected to analysis for total phosphorus 
(4). 

Results. It was found in two experiments 
that the total ribonucleic acid phosphorus was 
increased by about 14% over that of the con- 
trols when calf liver ribonucleic acid was incu- 
bated with ATP in the presence of freshly 
prepared myokinase. This increase in phos- 
phorus content is perhaps only suggestive of 
phosphorylation, but when calf pancreas 
ribonucleic acid was incubated under the same 
conditions, the total phosphorus was found to 
have increased above the control in increments 
ranging from 17 to 48% as shown in Table I. 
The possibility that inorganic phosphorus or 
ATP phosphorus was causing this increase was 
checked by adding excess orthophosphate and 
ATP to control solutions of calf liver RNA 
without the enzyme, and reisolating the ribonu- 
cleic acid as above. The reisolated RNA 
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TABLE I. Phosphorylation of Ribonucleic Acid 
(Na-PNA Isolated from Calf Pancreas) with My- 
okinase and ATP. 


% phosphorus 


Time of in untreated 
Exp. Reaction incubation, and reisolated 
No. mixture min. PNA samples* 
my 
l(a) 25 Na-PNA 60 7.5 
25 Na,ATP 
No enzyme 
1(b) 25Na-PNA 60 9.9 
25 Na, ATP 
1 myokinase 
Control sample = 7.8 
of Na-PNA, 
no treatment 
2 25 Na-PNA 15 11.2 
25 Na,ATP 60 12.0 
1 myokinase 
3 25 Na-PNA 60 OEE 
25 Na,ATP 


1 myokinase 


* Values represent averages of duplicate colori- 
metric phosphate determinations, 


which had been incubated with excess ortho- 
phosphate had an increased total phosphorus 
content of only 5% over the non-incubated 
controls. The sample incubated with ATP 
showed no increase. Thus the reisolation pro- 
cedure appeared to remove nonnucleic acid 
phosphorus satisfactorily. When purified de- 
soxyribonucleic acid was substituted for ribo- 
nucleic acid in a number of experiments, no 
phosphorus uptake was observed upon incuba- 
tion with myokinase and ATP. 


It became apparent during these prelimin- 
ary experiments that the incorporation of 
extra phosphorus depended on the enzyme 
preparation used, since with an old enzyme 
preparation used with calf liver Na-PNA no 
incorporation of phosphorus was noted over 
that of the controls, and a variation was noted 
in the degree of activity of different active 
enzyme solutions. Since myokinase is thought 
to be an —SH enzyme and is rapidly inacti- 
vated by hydrogen peroxide at neutral pH (6), 
it is not surprising that an old enzyme prepa- 
ration should lose activity. The drastic 
treatment used in preparing myokinase makes 
it unlikely that other enzymes are present in 
the preparation which could be affecting our 
results. 


PHOSPHORYLATION OF RIBONUCLEIC ACID 


One of the interesting results of this work 
was the difference in the amount of phosphate 
added to the ribonucleic acids of two different 
tissues of the same species. This difference 
might reflect a difference in the adenylic 
nucleotide content of these two nucleic acids, 
but other interpretations are possible. The 
action of myokinase has been shown by Colo- 
wick and Kalckar to effect the following dis- 
mutation reaction: 2 adenosine triphosphate 
= adenylic acid + adenosine triphosphate. It 
is thus not impossible that in the presence of 
ATP the adenylic nucleotides of ribonucleic 
acid may be similarly acted upon. It cannot 
be stated at the present whether the guanylic 
nucleotide might also be phosphorylated. 


The only work known to us of a nature 
similar to what is here reported is that of 
Bresler and Nidzyan(7) who found that rat 
liver homogenates affected a phosphorylation 
of ribonucleic acid in the presence of ATP. 
However, the added phosphorus was cleaved 
by phosphatase, and it is possible that a differ- 
ent type of phosphorylation was occurring. 

It should be noted that in our experiments. 
no adenylic deaminase or -SH compound such 
as cysteine were added. Since myokinase is 
supposed to be an —SH enzyme and is in- 
hibited by adenylic acid(6), it is possible that 
better results could be achieved by adding 
cysteine and adenylic deaminase. 


Summary. Tentative results have been ob- 
tained which indicate that the phosphorus 
content of ribonucleic acid can be increased 
by incubation with myokinase and ATP. An 
increase in phosphorus content of about 14% 
above the control values was obtained for calf 
liver PNA and increases ranging from 17 to 
48% were obtained with calf pancreas ribonu- 
cleate. 
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Much interest attaches to the question of 
thiamine excretion following mercurial di- 
uresis. There are some references to thiamine 
losses due to diuretics used in the treatment 
of congestive heart failure; however, this 
question has not been systematically investi- 
gated. The opinion is held generally that 
the water-soluble vitamins are lost in greater 
quantities in the urine as the urinary volume 
increases. Actually, little is known of the 
mechanisms available in the kidney for regu- 
lation of thiamine excretion, or of the manner 
in which these mechanisms are affected by the 
action of mercurials upon the renal tubules. 

The present study was undertaken to de- 
termine the effect of mercurials upon daily 
output of thiamine in the urine in patients 
under treatment for congestive heart failure. 
This work was conducted in conjunction with 
another study made upon a separate group of 
patients and control subjects to ascertain the 
status of thiamine nutrition in patients with 
chronic heart disease. The statistical analysis 
of the results obtained in this group of pa- 
tients appeared to indicate that thiamine de- 
ficiency in association with chronic cardiac 
failure is more than a coincidence(1). The 
present group of patients was not included in 
that study because they had received supple- 
mental vit. B complex in conjunction with 
their cardiac therapy prior to observations 
recorded in this communication. 

Methods and materials. Patients under 
treatment for congestive heart failure were 
selected from the medical service of Temple 
University Hospital. In each instance the 


patient presented signs and symptoms of car- 
diac decompensation: orthopnea, edema, 
marked congestion of the lungs, engorgement 
of the liver. The causes leading to heart fail- 
ure were hypertensive heart disease in 5 pa- 
tients, arteriosclerotic heart disease in 3 pa- 
tients, mitral stenosis in one patient, and 
amyloidosis in one patient. The cardiac fail- 
ure was refractory to treatment with digitalis, 
mercurial diuretics, salt poor diet and vitamin 
supplements. Five of the 10 patients studied 
have succumbed to their disease since initia- 
tion of these studies. The food taken by each 
patient indicated a relatively low protein and 
caloric intake in most instances. No specific 
signs or symptoms of thiamine deficiency were 
elicited, possibly due to the reduced caloric 
intake as well as vitamin supplementation in 
the past. Vitamins and mercurials were dis- 
continued for 5 days prior to initiation of the 
study. The urine was collected on the wards 
for 24-hour periods. During the period of 
observation, the patient was given a balanced 


‘diet providing approximately 1800-2000 cal- 


ories and 1.0 to 1.2 mg of thiamine daily. The 
calculations were based on tables compiled by 
Bowes and Church(2). Urine collections 
during the first 3 days for each patient rep- 
resented the control period. A mercurial di- 
uretic, Thiomerin or Mercuhydrin, 2 cc, was 
given intramuscularly on the morning of the 
fourth day. The 24-hour urine collections 
continued during the day of mercurial injec- 
tion, the day following, and for one or 2 more 
days of mercurial injections and days follow- 
ing. The urine was collected for an additional 


324 
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TABLE I. Mean Urinary Thiamine Excretion and Urine Volumes for 9 Patients on Constant Thiamine 
Intake during Control Periods and following Administration of Mercurial Diuretics. 


v 


Control day-————, —~———Day of mereurial———_, _ -—Day following mereurial—, 


Thiamine Hee ; meee: 
content, Urine, Thiamine, Thiamine, Urine, Thiamine, Thiamine, Urine, Thiamine, 

Patients ug ce pg/ee ug ee ug /ee ug ee ug/ce 
C. M. 280.7 500 561 759.4 1120 .678 208.1 720 .289 
H. R. 86.9 1260 .069 282.1 1800 157 84.6 1800 047 
8. G. 54.1 1095 .049 293.8 1555 189 517.1 1190 435 
IOS 247.4 370 .669 366.5 740 495 903.3 2700 335 
M.M. 156.4 1290 121 574.8 990 581 764.4 1250 612 
S.S. 91.1 858 106 375.8 1467 256 344.6 1220 282 
Vee: 61.0 700 087 103.5 1000 104 185.8 1250 .149 
J.M. 24.3 450 054 543.2 1400 388 » 130.0 1450 090 
L. M. 211.8 1102 192 329.3 2290 144 636.6 2430 262 
Mean 134.9 847 .212 403.2t 1374+ 332 419.4t 1557* 278 


* Significantly greater than control at <.02 probability. 
t ” ” ” ”? 
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control day between the mercurial injections 
and at the end of the study. The collected 
urine was measured quantitatively and then a 
200 cc aliquot was acidified and kept refrig- 
erated until analyzed for the thiamine content 
by the method described previously(1). The 
total thiamine excretion was recorded as well 
as the amount per cc of urine. 

Results. The object of the initial analysis 
of data (Table I) accumulated was to evaluate 
the relationship between the absolute thiamine 
content and the volume of urine excreted by 
the individual patients. The Spearman co- 
efficient of rank correlation was determined 
for thiamine content versus the urine volume. 
Rank correlation appeared sufficient to ob- 
serve whether or not larger volumes of urine 
were associated with larger amounts of thia- 
mine in the urine. None of the coefficients 
differed significantly from zero and hence 
could have been caused by chance alone even 
though there is no relationship between ranks 
in the variables considered. There is no evi- 
dence to indicate that high volume of urine is 
associated with high absolute amounts of 
thiamine. 


Spearman coefficients 


of rank correlation oy =Srho 
Day of Day after 
Control mercurial mereurial 
Absolute amt of —.06 —.35 +.20 
thiamine vs 
vol of urine 
Thiamine/ce of —.23 —.55 —.33 
urine vs vol 
of urine 


” 


In Table I will be found a summary of the 
urine volume and the mean urinary thiamine 
excretion data in 9 patients during control 
and mercurial therapy periods. The 10th pa- 
tient was not included in the table because 
of an inadequate number of control deter- 
minations. It is clear from the data that the 
concentration of thiamine in the urine in- 
creased from the control day to the day of the 
mercurial. It was shown previously that, 
among individuals, higher urine volumes were 
associated with somewhat lower concentra- 
tions of thiamine. Therefore it would appear 
that the effect of mercurial is to increase the 
concentration of and absolute amounts of 
thiamine in the urine. 

Discussion. The use of mercurials is gen- 
erally admitted to be the most effective means 
of controlling edema in the treatment of con- 
gestive heart failure. The effect of these 
agents upon electrolyte excretion has been 
adequately studied. However, there have not 
been sufficient accounts to provide the basis 
for quantitative treatment of the influence of 
mercurials upon vitamin excretion. The re- 
port of Williams and Bissel(3) dealing with 
thiamine excretion in various clinical states 
included 2 patients with congestive heart 
failure. A pronounced diuresis of thiamine 
occurred in each patient following mercurial 
administration after thiamine loading(3). 
Their observations tended to indicate that the 
increased thiamine elimination was not due to 
the increased urine volume. One patient 
studied in the present series received an intra- 
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muscular injection of 10 mg of thiamine after 
which a mercurial was given. During the next 
24 hours, 13.2 mg of thiamine was eliminated. 
The results obtained in the present series dem- 
onstrate that the levels of thiamine excretion 
following the administration of mercurials are 
significantly increased over the levels observed 
on control days. 


The urinary thiamine content compared 
with urine volumes among the individual pa- 
tients fail to show higher levels of the vitamin 
with larger volumes of urine. Certain patients 
with low urine output had a higher level of 
thiamine excretion than those with greater 
urine output. These data seem to indicate 
that the mercurial-induced thiamine excretion 
is not a function of the increased urine vol- 
ume. Although the mechanism of mercurial- 
induced thiamine excretion is obscure at 
present, the most likely explanation for 
these results is the depression of renal tubular 
reabsorption of thiamine. 


In support of the impairment of renal tubu- 
lar mechanisms for thiamine reabsorption by 
mercurials is the evidence that the vitamin, 
when administered to patients deficient in vit. 
B,, is retained within the cells by conversion 
to diphosphothiamine(3). The excretion of 
thiamine after a loading dose administered to 
B,-deficient patients is reduced. This deficien- 
cy, reflected in the kidneys, would promote an 
increased rate of conversion of thiamine de- 
rived from tubular urine into diphosphothia- 
mine by the phosphorylating systems of the 
tubular cells. The levels of thiamine excre- 
tion would be reduced, thus preventing losses 
of the vitamin from the body. Thiamine re- 
claimed by the tubules would be shunted into 
the blood(3). In normal subjects, thiamine 
loading doses are rapidly excreted in the urine 
because of adequate concentration of the vita- 
min within the tubular cells as well as the 
other tissues. 
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The absence of manifestations of thiamine 
deficiency in patients receiving mercurials over 
long periods may be related to an inadequate 
caloric intake. Furthermore, the patients de- 
scribed in this report had received vitamin 
supplementation which may have replaced the 
losses produced by the action of the diuretic. 
The usual finding in chronic heart failure of 
muscle atrophy and weight loss was present in 
each of our patients. This has been attributed 
to the inability to maintain adequate nutrition 
due to anorexia, impaired absorption and 
utilization of ingested foods, and the effect of 
chronic disease upon cellular metabolism. It 
is apparent that the oral administration of 
thiamine and other essential food factors is 
not capable of correcting the nutritional ab- 
normalities found in these patients. 


Summary. The effect of mercurials on out- 
put of thiamine in the urine was investigated 
in 9 patients with congestive heart failure. 
The statistical analysis of the accumulated 
data indicates that the levels of thiamine ex- 
cretion following mercurial administration are 
significantly increased over the levels observed 
on control days. The data seem to indicate 
that the mercurial-induced thiamine excretion 
is not due to the increased diuresis; it is sug- 
gested that it may be related to the depressed 
tubular absorption of the thiamine. 


We are indebted to Dr. H. Menduke for statistical 
treatment of the data, Mr. Martin Brody for techni- 
cal assistance; Drs. Henry P. Swartz and Carl Alper 
for advice and supervision of laboratory work, and 
Dr. Richard A. Kern for permission to use the clinical 
material. 
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Cortisone treatment interferes with inflam- 
matory processes as reflected in inhibition of 
wound healing(1). Selye(2) reports that a 
pituitary gland fraction, somatotrophic hor- 
mone (STH) counteracts enhancing effect on 
infection produced by cortisone in rats. We 
therefore proceeded to determine whether STH 
neutralized the cortisone effect on wound heal- 
ing in mice. It should be mentioned that in 
Selye’s(2) study, cortisone and STH were 
used for 14 days, whereas in this study this 
combination was used for 6 days. 

Uniform sized wounds were made under 
aseptic technic through the cleanly shaven dor- 
sai skin using a special surgical punch, which 
created two 0.5 cm wounds on each mouse. 
Groups of 12 mice each were treated: 1) 
Diluent only; 2) Cortisone 1 mg; 3) STH 1 
mg (Armour—Lot No. R285128); 4) Corti- 
sone 1 mg and STH 1 mg. All injections were 
intramuscular and started 24 hours before 
wounding and given daily for 5 days there- 
after and the mice sacrificed on the 6th day 
after wounding. Wound areas were observed 
grossly, excised, formol fixed, sectioned and 
stained with hematoxylin and eosin for 
histological study. In addition, all animals 


* The authors express gratitude to Armour and 
Co. for STH and to Merck and Co. for cortone 
acetate suspension. 


were autopsied and the spleen size of the 
various groups compared. 

Findings. There were no significant differ- 
ences between the cortisone and cortisone with 
STH treated groups. The wounds in both of 
these groups showed inhibition of wound heal- 
ing as compared with the untreated controls 
and the STH treated mice. The criteria for 
determining the degree of wound healing were 
grossly the size of the wound and histologically 
the amount and character of granulation tissue 
formation and the degree of re-epithelializa- 
tion. The latter two groups (STH treated and 
untreated) did not differ from each other. 

Examination of spleen size in the various 
groups showed that the cortisone exerted its 
usual effect on reducing the size of the spleen. 
The addition of STH did not prevent this phe- 
nomenon. 


Summary. 1.1 mg daily of somatotrophic 
hormone does not counteract the effect of 1 
mg daily of cortisone on wound healing in 
mice. 2. 1 mg of somatotrophic hormone daily 
does not effect wound healing in mice as com- 
pared with untreated controls. 
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Results of studies by Price e¢ al.(1) and 
Colowick et al.(2) suggested that pituitary 
and adrenal cortical extracts inhibited hexo- 
kinase activity in muscle extracts from al- 
loxan-diabetic rats, and that hexokinase activ- 
ity was restored by addition of insulin. 
Experimental results were not consistent, since 
inhibition of hexokinase activity by adrenal 
cortical extract with restoration of activity by 
insulin was obtained in only 50% of the ex- 
periments performed. In similar experiments 
reported by Reid et al.(3) and Broh-Kahn 
and Mirsky(4) the findings were again incon- 
stant. Stadie et al.(5,6) found no significant 
effect of insulin or adrenal cortical extract on 
hexokinase activity in muscle extracts from 
normal and diabetic rats. Their findings sug- 
gested that pituitary extracts impaired the 
ability of normal rat-diaphragm to combine 
with insulin, and that the diaphragms from 
alloxan-diabetic rats did not combine well 
with insulin. More recently, however, Cher- 
nick et al.(7,8) have shown that in the al- 
loxan-diabetic rat liver glucose utilization is 
initially impeded at the hexokinase stage, and 
Stadie et al.(9,10) demonstrated that in rat- 
diaphragm the acceleration of glycogen syn- 
thesis per »g of bound insulin is greater after 
removal of the pituitary. Results of experi- 
ments presented here suggest that in isolated 
rat-diaphragms insulin increases the utiliza- 
tion of glucose and fructose by accelerating 
their phosphorylation by hexokinase. 

Methods. Adult white rats fasted 24 hours 
were decapitated and the diaphragms were re- 
moved with minimum trauma(11). Each 
hemidiaphragm was weighed without prelim- 
inary washing and placed directly into the me- 
dium contained in a small Erlenmeyer flask. 
After removal of samples for analysis the 2 
flasks (a) and (b) were stoppered and in- 


* Aided in part by a grant from the Nutrition 
Foundation, Inc. 


cubated with shaking at 37°C. Samples were 
removed from the flasks for analysis at the 
termination of the experiments. The com- 
position of the medium in the 2 flasks was 
identical except that insulin was added to 
flask (a), 0.5 unit per cc medium. The me- 
dium consisted of 0.1 M phosphate (K2,HPO,- 
NaH2PO, mixed in proportion to give a pH of 
7.6), MgCl2 0.005 M, CaCl, 0.001 M, in final 
volume 4 cc after addition of fructose and/or 
glucose. Amorphous insulin (W-1302, 19 
units/mg) was obtained from the Eli Lilly Co. 
Fructose was determined by modifications of 
the methods of Roe(12) and Nelson (13) 
using filtrates deproteinized with ZnSO, and 
Ba(OH)». The Nelson method(13) was used 
for the determination of glucose. pH was de- 
termined by means of a Cambridge Research 
model pH meter with glass electrode. 


Results and discussion. Table I presents 
data obtained in paired experiments on rat 
diaphragm incubated with and without insulin 
with combinations of fructose and glucose as 
substrate. Results of preliminary experiments 
showed that insulin increased the utilization 
of glucose by rat diaphragm, in accord with 
work previously published by Stadie and 
Zapp(11). Ina previous report(14) we have 
shown that both hexokinase and fructokinase 
are present in rat diaphragm. Fructose is not 
converted to glucose in rat.diaphragm since 
glucose-6-phosphatase is not present in mus- 
cle(15,16). Results of previous work (18,19) 
have shown that the hexokinase’ but not the 
fructokinase pathway of fructose phosphoryla- 
tion (Fig. 1) is almost completely inhibited 
by the presence of an equimolar concentration 
of glucose. In the experiments here presented, 
with fructose alone as substrate insulin in- 
creased the utilization of fructose by rat 
diaphragm significantly [p <.01, determined 
by the method of analysis of variance(17) ]. 
However, when both fructose and glucose were 
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TABLE I. Results of Experiments on Rat Diaphragm Incubated with and without Insulin with 
Combinations of Fructose and Glucose as Substrate. 15 experiments. 
ee 

Fructose utilized from 


Insulin in — Initial cone., %—s medium ' 
medium Fructose Glucose mg/g tissue Time, hr Final pH 
+ 2 aa 3.22 3 7.41 
— 2 ——— 2.78 3 7.43 
+ 2 2.88 3 7.40 
= 2 2.19 3 7.44 
+ 2 — 3.11 3 7.35 
a 2 —— 2.60 3 7.35, 
+ 2 —— 4.73 3 7.43 
— 2 —_— 2.96 2 7.44 
+ 2 — 3.44 3 7.41 
= 2 — 2.47 3 7.42 
+ 2 — 3.63 3 7.44 
— 2 — 2.77 3 7.47 
+ all ——- 1.30 4 7.39 
= al —— 0.80 4 7.37 

+ ol! _-— 2.00 4 7.38 
—_ ait -— 1.05 4 7.39 
+ sil — 2.91 4 7.45 
me ail —— 2.00 4 7.45 
+ at mat 1.63 4 7.30 
== nil al 1.55 4 7.32 
+ all al 1.82 4 7.27 
— gil lt 1.78 4 7.81 
+ ol as To 4 7.32 
—_ ali ok 2.02 4 7.35 
+ ail a 2.01 4 7.31 
— ell alt 1.87 4 7.38 
+ si ll eval 4 7.25 
— il Ail 1.87 4 7.29 
= all ell Lil 4 7.28 
— ail eal 1.69 4 7.31 


in the medium insulin did not affect the that insulin accelerates the utilization of glu- 
utilization of fructose. It appears, therefore, cose and fructose by way of the hexokinase 
that the metabolism of fructose via the fruc- pathway. Since the reactions follow common 
tokinase system is not affected by insulin, and metabolic pathways after the phosphorylation 
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FIG. 1. Pathways for anaerobic metabolism of glucose and fructose in muscle. 
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of fructose by fructokinase and hexokinase 
(Fig. 1) it would appear that insulin acts to 
accelerate the initial phosphorylation of glu- 
cose and fructose by hexokinase. It is prob- 
able that fructose metabolism in intact ani- 
mals proceeds almost entirely by way of the 
fructokinase system since glucose is normally 
present in tissues in vivo in amounts sufficient 
to inhibit the phosphorylation of fructose by 
hexokinase. The findings presented in this 
paper are in agreement with results of experi- 
ments in vivo by other investigators (7,20-22) 
suggesting that insulin does not affect the 
metabolism of fructose in animals and human 
subjects. 


Summary. In isolated rat diaphragm, in- 
sulin increased the metabolism of fructose and 
glucose via the hexokinase system but did not 
affect the utilization of fructose via the fructo- 
kinase pathway. The results suggest that in- 
sulin affects the metabolism of glucose and 
fructose by accelerating their initial phospho- 
rylation by hexokinase. 
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The regeneration of tissue during the heal- 
ing of wounds has been shown to be markedly 
accelerated by the addition of methionine to 
the diet(1-7). More recently, the rate of 
healing of experimental wounds was shown to 
be increased to the same extent when equiva- 


* This work was done under contract with the 
U. S. Navy, Office of Naval Research. 


lent amounts of either cystine or methionine 
were administered(1). Since the conversion 
of methionine to cystine is irreversible in vivo 
(9,10), this work may be taken to indicate 
that cystine is the limiting amino acid in the 
healing process. The possibility still existed 
that the sulfur amino acids may not be re- 
quired per se, but rather might serve as a 
source of sulfur for other compounds required 
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during healing, as well as their more usual 
function in protein synthesis. 

It has been shown also that there is a small 
but definite retention of sulfur during heal- 
ing, even when a negative nitrogen balance is 
in evidence(1,2,8). Further, the retention of 
sulfur becomes more significant as the rate of 
healing increases. Thus, there appears to be 
a correlation between the sulfur retention and 
the healing index. The healing index is a 
measurable numerical evaluation of a function 
which is directly proportional to the rate of 
healing(1,2). The metabolic fate of sulfur 
and sulfur containing amino acids during the 
healing of experimental wounds should give 
an insight into the disposition of the retained 
sulfur. The utilization of the cystine by the 
regenerating wound tissue and its relation to 
the function measured by the healing index 
are considered in this report. 

Experimental. 'The experiments to be de- 
scribed were carried out on two groups of 
female albino rats (18 animals per group), 
weighing 170 + 20 g. The animals were main- 
tained on a basal 0% protein diet for 5 days 
prior to wounding. After wounding, one 
group of rats was continued on the 0% pro- 
tein diet supplemented with 60 mg of DL- 
alanine per 100 g of diet, while the second 
group received the 0% protein diet supple- 
mented with 100 mg of DL-methionine per 
100 g of diet. The basal diet consisted of 83 
g sucrose, 10 g lard, 2 g corn oil, 5 g salt mix- 
ture(15), 1 mg thiamine HCl, 1 mg riboflavin, 
1 mg pyridoxine HCl, 4 mg calcium panto- 
thenate, 10 mg nicotinic acid amide, 0.5 mg 
2-methyl-naphthoquinone, 1550 IU vit. A,t 
and 210 IU vit. D.t The animals were pro- 
vided with 7 g of diet per day, which was 
completely consumed before the next daily 
feeding period. Distilled water was permit- 
ted ad libitum. After removing the hair, the 
wounds were made on the back of the neck 
of the rats by tracing the outline of a coin (3 
cm diameter), and cutting on the marked 
tracing. The circle of skin was cut down to 
the layer of the fascia and removed with any 
adhering connective tissue, according to the 
method described by Paul et al.(16). Two 
days after wounding each rat was injected 


t+ From oleum percomorphum. 
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subcutaneously with 0.85 mg of S*°-labeled 
L-methionine, representing 8.9 x 10® counts 
per minute. One-third of the animals in each 
group were sacrificed on the 5th, 8th and 12th 
day after wounding. Samples of regenerating 
wound tissue, normal unwounded skin, liver 
and muscle were taken from each rat and 
hydrolyzed in 6 N HCl. Great care was taken 
to insure that no normal tissue was included 
in the sample with the regenerating wound 
tissue. Normal unwounded skin tissue was 
obtained from the area near the site of the 
wound. This tissue was completely freed of 
hair before analysis. The above tissue sam- 
ples were analyzed for total sulfur(11), total 
nitrogen (microkjeldahl), and cysteine + 
cystine (designated as cystine)(12,13). The 
relatively small amounts of sample available 
made it necessary to calculate the methionine 
present in the tissues by difference. Although 
the methionine-sulfur fractions probably in- 
cluded sulfur from compounds other than 
methionine, by far the largest part of these 
fractions of the sulfur comes from the me- 
thionine. Besides determining the total S®° 
in the tissue samples, aliquots were partitioned 
into cysteine + cystine and non-cysteine —+- 
cystine fraction by the method of Zittle and 
O’Dell(14), and the S*° determined in the 
fractions. The latter fraction was designated 
as the methionine-S* fraction. 


Results and discussion. In Table I is shown 
the S*° content of the various tissues which 
were analyzed in terms of counts per minute 
per gram of tissue. It should be noted that 
there is a very marked increase in the S*° 
content of the regenerating wound tissue with 
time. This increase reflects the accretion of 


TABLE I. Effect of Dietary Methionine on Dis- 
tribution of Methionine-S® in Wounded Rats. 


Counts/min./g of tissue———_, 


Days after ‘Wound 
wounding tissue Skin Liver Muscle 
0% protein diet 
5 6065 2327 7986 1660 
8 7222 1836 5154 1324 
12 9351 1690 4220 924° 
0% protein diet + methionine 
5 6272 2705 7475 1252 
8 9117 2265 5030 1155 
12 11565 1967 3740 
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TABLE II. Sulfur and Nitrogen Content/g of Wounded Rat Tissue. 


mg 
Days after Wound tissue Skin Liver Muscle 
wounding S N Ss N S N See 
0% protein diet 
5 1.9 20.2 2.0 39.9 3.0 34.0 2.8 34.4 
8 2.3 22.0 ie 40.8 2.5 31-5 2.7 33.5 
12 2.9 27.8 1.6 42.4 2.3 28.7 2.3 35.6 
0% protein diet + methionine 
5 2.0 22.4 2.1 39.2 2.9 30.5 2.7 34.2 
8 2.8 26.3 1.6 42.1 2.5 Bal 2.5 36.1 
12 3.6 29.8 1.6 40.2 2.3 26.7 2.4 35.6 


TABLE III. Distribution of S*® from Methionine 
between Cystine and Methionine Fractions of Tis- 
sue in Wounded Rats. 


Counts/min./g tissue 
-—Wound tissue ,—Skin tissue——\ 


Days after Methio- Methio- 
wounding Cystine* nine Cystine* nine 
0% protein diet 
5 3536 2417 1465 910 
8 4580 3205 1370 730 
12 5240 4026 Talal 452 
0% protein diet + methionine 
5 3907 2027 1427 1377 
8 5177 3600 1085 1225 
12 6950 4072 940 1008 


* The ‘‘eystine’’ fraction includes both cysteine 
and eystine. 


new cells and protein in the wound area. Due 
to metabolic turnover, the S*° content of the 
other tissues decreased with time. Although 
some small part of the methionine-S** may 
have been directly utilized, there can be little 
doubt that the bulk of the wound tissue S®° 
arose from the degradation products of other 
tissue proteins. 

The total sulfur and nitrogen content of 
these tissues is tabulated in Table II. The 
general trend of the total sulfur levels in the 
tissues parallels that observed for the S®*°. 
However, the changes observed are not as 
marked as in the case of the radio-sulfur. 
This may account for the previous difficulty in 
obtaining significant differences in the sulfur 
content of wound tissues which had been heal- 
ing for different lengths of time. Particular 
note should be made of the fact that the sulfur 
content of the regenerating wound tissues is 
very much higher than that found in the other 
tissues analyzed, based on the nitrogen con- 
tent of the tissues. 


The only significant change in the nitrogen 
content of the various tissues occurred in the 
case of the wound tissue, although the small 
decreases observed in the liver may be re- 
flecting the negative nitrogen balance which 
existed in these animals. The relatively low 
nitrogen concentrations appearing in the heal- 
ing wound tissue samples are consonant with 
previous work which had shown that this type 
of tissue has a very high water content(16). 
From the data in Table II, the water content 
of the wound tissue appears to diminish grad- 
ually with the progression of the healing proc- 
ess. 

In Table III, the results of the partition of 
the S®° into cystine and methionine-S®° frac- 
tions is shown. It is of special importance to 
note that so large a proportion of the injected 
methionine-S**® is converted to cysteine- or 
cystine-S*®. In agreement with the data 
shown in Table I, the sum of the two S** 
fractions increases with time. However, the 
concentration of the cystine-S®° is much 
greater than is that of the methionine-S*. 
These results would appear to support the 
previous report(1) showing that although 
methionine is required during the healing 
process, there appears to be greater utiliza- 
tion of cystine. 

Table IV shows the results of the analysis 
of the tissues for cystine and methionine. The 
regenerating wound tissues accumulate cys- 
tine quite rapidly while the concentration of 
methionine increases at a more leisurely rate. 
In the liver and muscle, there was a marked 
decrease in the methionine concentration while 
the cystine remained essentially unchanged 
throughout the experiment. This might be 
taken to indicate that the liver and muscle 
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TABLE IV. Cystine* and Methionine Content/g Tissue in Wounded Rats. 


(erra 5 mg SN 
Days after Wound tissue Skin Liver Muscle 
wounding Cys Meth Cys Meth Cys Meth Cys Meth 
0% protein diet 

5 3.6 4.0 3.0 5.2 4.2 7.9 4.1 7.5 

8 5.3 4.2 2.9 5.3 5.0 5.9 4.3 7.4 

12 les 5.4 2.9 4 4.7 4.4 3.9 6.1 

0% protein diet + methionine 

5 4.0 4.1 3.0 4.9 4.5 8.3 4.1 8.3 

8 6.7 4,7 Qn 4.9 4.6 6.6 4.1 6.5 

12 9.5 5.9 2.8 4.5 5.1 4.7 4.0 6.3 


* The ‘‘cystine’’ fraction includes both cysteine and cystine. 


methionine sulfur are the principal sources for 
the wound tissue sulfur. It would also follow 
that a large portion of the metabolized liver 
and muscle methionine is converted to cysteine 
or cystine, which may be utilized by the re- 
generating wound tissue. This is supported 
by the fact that, in the animals fed the 0% 
protein diet, the ratio of cystine to methionine 
excreted was found to be approximately 5:1. 

Previously reported analyses, as well as 
those shown here, indicate that there is usually 
appreciably more methionine found in most 
tissues, than there is cystine. This, however, 
is not the case in the regenerating wound 
tissue. In the wound tissue, the concentra- 
tion of cystine becomes increasingly greater 
than the level of methionine during the course 
of healing. This fact might be interpreted to 
mean that there are two types of proteins 
being synthesized in the wound area. The 
first type might be considered to be synthe- 
sized relatively slowly and to contain a higher 
proportion of methionine than cystine. The 
characteristics of this type of protein are prob- 
ably similar to skin proteins in general. The 
second type, although not synthesized until at 
least some of the first type of protein has al- 
ready been laid down in the wound area, is 
synthesized more rapidly and contains a 
higher proportion of cystine than methionine. 
Fractionation studies of the proteins in re- 
generating wound tissue at various stages of 
development, and in normal skin tissue, are 
now under way to test this hypothesis. 

The rates of healing of wounds in rats fed 
a 0% protein diet and a 0% protein diet sup- 
plemented with methionine were determined 
as previously described(1,2). The results are 


shown in Fig. 1 to be essentially straight lines 
of different slopes (healing indices). When 
the cystine per gram of wound tissue is plot- 
ted against time, straight lines also result 


(Fig. 1). These lines may be represented 
by the following equations: 
=o kyt + a 
ae — kot + b 


where C is the cystine concentration in the 


wound tissues, T, the tensile strength, t, the 
time in days after wounding, and the other 
symbols represent constants. It would then 
follow that: C = k3T +c. If this equation 
is valid, a straight line should result from a 
plot of tensile strength against the cystine con- 
tent of the wound tissue. That this is 
actually the case is shown in Fig. 2. It may 
then be concluded that the rate of deposition 
of cystine in the wound tissue is proportional 
to the rate of increase in tensile strength of 
the wound (healing index). Since the rate 
of healing is proportional to the healing index, 
it can now be measured by two separate func- 
tions, the tensile strength of the wound, and 
the cystine content of the wound area. 

It might be assumed that the measurement 
of the tensile strength of wound tissue, re- 
quires, among other factors, the rupture of 
bonds between relatively large molecules 
which are not in solution, but are arranged in 
some sort of colloid meshwork. It would then 
seem probable that the cystine in the wound 
tissue is preponderantly, if not completely, 
associated with protein molecules. 

Summary. Wounded rats, injected with 
L-methionine-S**, accumulate the radio-sulfur 
in the wound tissue, even when the S*° content 
of the other tissues is decreasing. The largest 
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FIG. 1. Tensile strength and cysteine + cystine concentration of healing wounds in rats on a 

non-protein diet plotted against time. Solid circles, diet supplemented with alanine; open circles, 

diet supplemented with methionine. Solid lines, tensile strength data; broken lines, cysteine + 

cystine data. Significance between the mean values of tensile strength is ‘‘p’’ <0.02. Signi- 
ficance between the mean values of the cysteine -++ cystine is ‘‘p’’ <0.05. 
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FIG. 2. Tensile strength of healing wound in rats 

on a non-protein diet plotted against the cysteine 

+ cystine concentration of the regenerating wound 

tissue. Solid circles, diet supplemented with ala- 

nine; open circles, diet supplemented with meth- 
ionine. 


part of the S®° in the wound tissue appears as 
cystine-S*®. The rate of deposition of cystine 
in the regenerating wound tissue is greater 
than that of methionine. The rate of healing 
- (as measured by the healing index) is a func- 
tion of the cystine content of the wound tissue. 
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A Simplified Method for the Preparation of Corticotropin. 


ROBERT J. BARTHOLOMEW.* 


(20351) 


(Introduced by E. B. Astwood.) 


From the Ziskind Research Laboratories, New England Center Hospital, and Department of 
Medicine, Tufts College Medical School, Boston, Mass. 


Previous work in this laboratory has shown 
that the corticotropic activity of dried pitui- 
tary gland can be satisfactorily extracted by 
glacial acetic acid and that a considerable 
concentration of the activity can be obtained 
by adsorption from dilute acetic acid onto 
cellulose(1) or oxycellulose(2), followed by 
elution with dilute hydrochloric acid. The 
specificity of oxycellulose suggested that, 
through its use, material of satisfactory 
purity for clinical application might be ob- 
tained from very crude extracts, such as those 
made with 80% acetic acid which has been 
found to dissolve about half of the dried 
pituitary tissue. 

This present note reports a_ simplified 
method for obtaining, from either whole 
pituitaries of sheep or anterior lobes of pigs, 
a good yield of a highly active preparation. 
The actual working time is very small but, 
as described, is spread over 4 days. 

Methods. In a representative experiment 
20 g of dried powdered whole pituitary of 
sheep were stirred to a smooth paste with 90 
ml of water, then 360 ml of glacial acetic acid 
were stirred in to make an even suspension. 
The mixture was then heated on a steam bath 
with frequent stirring until the temperature 
of the mixture reached 70°C. This required 
about one hour and at the end of this time the 
mixture had a translucent gelatinous appear- 
ance. The mixture was then allowed to cool, 
and diluted with water to 6 litres in a tall 
cylinder. Ten g of Hyflo Super Cel were 
added and the whole stirred mechanically for 
10 minutes, and then allowed to stand over- 
night. The supernatant was then siphoned 
from the sediment of tissue fragments (which 
was covered by a compact layer of Super Cel) 
and transferred to another tall cylinder. 
Slightly more than 5.6 litres of opalescent 
supernatant were obtained and filtration was 
unnecessary. The protein concentration, as 
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estimated by the biuret method(3), was 1.7 
mg per ml, representing 51% of the weight of 
dry gland. To the supernatant was added 
9.6 g of oxycellulose (Tennessee Eastman, 
Lot No. C 1060, 11.0% COOH, 0.13% N) 
and the mixture stirred mechanically for 24 
hours, and then allowed to stand overnight. 
Before use the oxycellulose was washed on a 
coarse sintered glass filter with water, normal 
hydrochloric acid and deci-normal acetic acid. 
The amount used, 9.6 g, was quite arbitrarily 
chosen, being approximately equal to the 
weight of protein in the dilute acid extract. 
Most of the supernatant was siphoned off and 
discarded, then the remaining supernatant and 
the sediment of oxycellulose were transferred 
to a coarse sintered glass filter, filtered by 
suction and the residue washed on the filter 
with 2 or 3 small lots of deci-normal acetic 
acid. The corticotropin was then eluted from 
the oxycellulose by 4 washings, each 40 ml, of 
deci-normal hydrochloric acid, the first and 
second washings each being left in contact 
with the adsorbent for about an hour. “The 
protein in the eluate as estimated by the 
biuret method was 0.90 mg per ml (or 144 mg 
in the total eluate), which represents 0.77% 
of the original powdered gland. 


Assays were made on the dried pituitary 
powder and at various stages of the procedure 
by the ascorbic acid depletion method of 
Sayers et al.(4) as modified in this laboratory 
to a minimal effective dose method(1). The 
results in the particular preparation described 
and those in a similar preparation from an- 
terior lobes of pig are shown in Table I. The 
values shown for the starting materials are in 
terms of actual weight of dried gland, the 
other values are in terms of protein indicated 
by the biuret estimations. Of the total 6 
litres of extract only 5.6 litres (sheep) or 5.4 
litres (pig) were used for the succeeding steps. 
The recoveries shown for the various fractions 
are not corrected for this. 
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TABLE I. Yields in Corticotropie Activity in 2 
Experiments Expressed as Minimal Dose to Induce 
a Fall in Adrenal Ascorbic Acid Concentration be- 
tween 60 and 100 mg % in Hypophysectomized 


Rats. 
——Sheep—, ———— Pig — 
Minimal Minimal 
effective effective 
Fraction Wt,g dose,ug Wt,g dose, ug 
Acetone-dried 20 ‘ 10 
whole pituitary 
Acetone-dried 20 2.5 
anterior lobes 
Extract in N. 9.2 5 11.6 2.9 
acetic acid 
Supernatant after 50 50) 
adsorption 
Eluate in N/10 0.144 0.1 0.320 0.05 
hydrochlori¢ 
acid 


The “direct adsorption method,” as de- 
scribed here, was subsequently modified for 
use on fresh frozen sheep pituitaries. The 
frozen glands (water content approximately 
80%) were rapidly broken into pieces of con- 
venient size, and dropped into a macerator 
containing 320 ml of glacial acetic acid for 
each 100 g of frozen glands. The macerator 
was run at low speed until the lumps of frozen 
glands had sufficiently disintegrated, then at 
full speed until thorough maceration had been 
achieved (about 10 minutes). Heating, dilu- 
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tion and adsorption were then done essentially 
as in the original procedure, but it was found 
that centrifuging the dilute acid extract was 
preferable to sedimentation and that the addi- 
tion of Super Cel was unnecessary and un- 
desirable. 

The method as used on acetone-dried pitui- 
tary was briefly described in September, 1951 
(5), and was successfully applied by Sydnor 
and Sayers(6) to the extraction of corticotro- 
pin from blood. 

Summary. A simple procedure is described 
whereby a good yield of highly active cortico- 
tropin can be obtained by direct adsorption ' 
from a crude pituitary extract. The method 
is equally suitable for pituitaries from sheep 
and from pigs. 
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From the Department of Experimental Surgery, McGill University, Montreal, Canada. 


Since their description by Ehrlich in 1879, 
the tissue mast cells have been a continual 
source of curiosity for histologists and physi- 
ologists. Over the years, these ubiquitous cells 
have been accused of some 30 different func- 
tions. Currently, evidence has been presented 
that these cells are controlled, or at least 
influenced, by endocrine glands, viz.: the 


* Supported by a grant from the Cancer Research 
Society. 
t+ U. S. Public Health Service Fellow. 


pituitary-adrenal cortex(3,6,7) or pituitary- 
thyroid(1,2) systems. Only one of the papers 
(6) ‘that have come to our attention records 
numerical counts to substantiate the author’s 
opinion. Other workers have presented sub- 
jective impressions in lieu of statistically 
valid counts. The purpose of this study was 
to investigate tissue mast cell response to hor- 
monal influence, utilizing numerical counts 
to indicate increased or decreased numbers of 
cells. The controversial field of tissue mast 
cell function will be avoided. 
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Materials and methods. Male piebald rats 
averaging 225 g weight were used throughout. 
Tissue mast cells were observed in skeletal 
muscle from the anterior thigh, mesentery, 
and heart. A whole mount technic was em- 
ployed to study the mesentery. Two loops of 
terminal ileum, each about 20 cm in circum- 
ference, were ligated, excised, and mounted 
with tiny springs on wire frames averaging 
8 x 10 cm in dimensions. The mesentery was 
thereby spread out as a sheet or fan with a 
circumferential rim of ileum. The specimens 
of mesentery were fixed in absolute methanol 
and stained in a 35% alcoholic solution of 
0.25% toluidin blue. The hearts and speci- 
mens of skeletal muscle were fixed in Carnoy’s 
fluid, cut in serial sections 7 w» thick, and 
stained with 0.5% ttoluidin blue in a 30% 
alcoholic solution. The mast cells of the 
mesentery were counted in avascular areas us- 
ing a magnification factor of 150. Forty such 
fields, 20 from each of 2 specimens, were ex- 
amined and counted in each animal. A field 
with a magnification factor of 240 was used 
in examining the heart and skeletal muscle. 
In each specimen 375 fields were counted 
through multiple sections. This larger num- 
ber of counted fields was necessary because of 
the sparseness of mast cells in these tissues. 
Naturally, precautions were taken to avoid 
overlapping of any of the fields. All counts 
were made by the same worker, using the same 
microscope. The morphological appearances 
of the mast cells were simultaneously noted. 
Thyroxine (Squibb) and Cortone Acetate 
(Merck) were injected subcutaneously into 
the appropriate animals. In the thyroxine 
studies 19 rats were divided into groups of 
9,5, and 5. Nine received 200y of thyroxine 
daily for 7 days. Five rats were starved, be- 
ing given tap water only for a period of 5 days 
to rule out any inanition effect of the thyrox- 
ine. Five rats were used as controls. In the 
cortisone series, 24 rats were divided into 3 
groups of 8. One of these groups received 
10 mg Cortone Acetate daily for 6 days. A 
second group was given 5 mg for a similar 
period, and the third was the control group. 
Loss of weight by all experimental animals was 
interpreted as indicating the potency of the 
hormone administered. The mean, standard 
deviation, and standard error were calculated 


Mast CEeLt RESISTANCE TO HORMONAL INFLUENCE 


TABLE I. Effect of Thyroxine and Starvation 
upon Mast Cell Counts in the Rat’s Mesentery.* 
fart ieee hE eee ese Me eS eee 

Treatment . 200 y thy- Starved Controls 

roxine daily 

Duration 7 days 5 days — 
No. of animals 9 5) 5 
Mean value 538.6 608.4 485.6 
8. D. + 106.0 + 101.4 + 49.1 
S. E. + 35.3 + 45.5 + 21.9 


* Units: No. of cells in 20 fields (X 150). 


for each group. The results obtained were 
analyzed for statistical significance using the 
t test of “Student”. 

Results. The experimental data are recorded 
in Tables I and II. 

Statistical evaluation shows that no signifi- 
cant difference exists between the tissue mast 
cell counts of the thyroxine-treated rats and 
their corresponding controls. The same holds 
for the cortisone-treated animals and their 
control group. Only the starved group of 
rats shows a statistically significant change in 
number (an increase) when compared with 
the associated controls. 

A preliminary investigation using desoxy- 
corticosterone acetate failed to reveal any 
changes in mast cell number. 

Typical so-called degenerative changes, 7.e., 
vacuolation, granule conglomeration and _ir- 
regularity, cellular bursting with granule dis- 
persion, and loss or change in degree of meta- 
chromasia, were very frequently observed. 
However they were seen as frequently in the 
controls as in the experimental animals. 

Discussion. We were unable to effect any 
alterations of tissue mast cell numbers except 
in the starved group of animals. Here the in- 
crease was probably more apparent than real. 
It was observed that in this group most of the 
perivascular fat in the mesentery had been 
resorbed. This meant that the fields counted 
probably encroached upon these perivascular 
mast-cell-rich areas, which in other specimens 
would have been avoided because the thick- 
ness of the fat makes accurate counting im- 
possible. 

The figures presented for the cortisone- 
treated heart specimens are somewhat more 
impressive when it is realized that 2 of the 
members of the 5 mg group and one of the 
10 mg group gave low counts because the 
sections were washed out. Thus many mast 
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TABLE II. Effect of Cortisone upon Tissue Mast Cell Counts in the Mesentery, Skeletal 
Muscle, and Heart of the Rat. 


Tissue ~—— Mesentery* ——, ,— Heartt — ,—Skeletal musclet—, 
Daily dose, mg 10 5) — 10 5 — 10 Ol: ea 
No. of animals 8 8 6 8 8 8 8 8 8 
Mean value 604.9 D089) -» 068.8 15.90 2el4ol= 21:44 2046 ~ 16:51 18.89 
SiD +83.7 +106.7 +78.2 5.37 +559 +7.79 +7.02 +631 +3.26 
S. E. 2916 377) 27-6) SE 190) SENOS | SEDO 62.487 2.23 E'S 
* Units: No. of cells in 20 fields (x 150). 
t ”? ”? ” ” ”» 95 ” Gx 240) : / 


cells were undoubtedly missed in the exami- 
nation of these 3 specimens. 

Although numerical counting of tissue mast 
cells is difficult, and not an ideal method of 
investigating their response to various stimuli, 
their capricious distribution renders simple 
estimation of numbers by impression alone 
worthless. One essential step in making 
numerical counts is to run a control group 
with each experimental series. It was found 
early in this investigation that counts vary 
significantly from batch to batch of rats, ap- 
parently because of age and weight differences. 
We could attribute none of the ‘‘degenerative 
changes” to treatment the rat had received. 
It was our impression that these appearances 
were a function of the fixation-staining-mount- 
ing technic. It is, therefore, our opinion that 
tissue mast cell response can only be ade- 
quately measured by actual numerical counts 
evaluated statistically. 

Using such a criterion we were unable to 
find any suggestion of mast cell susceptibility 
to hormonal influence. These observations 
oppose those of Asboe-Hansen(3), Cavallero 
and Braccini(6), Bloom(5), and Stuart(7), 
who have reported a decrease in the number of 
mast cells following cortisone treatment. Baker 
et al.(4) found no morphological or real nu- 
merical alteration in the mast cells of the 
thymus after ACTH therapy, although no 
counts were presented. Asboe-Hansen(2) 
has reported differences in mast cell numbers 
and appearance in patients suffering from 
myxoedema and thyrotoxicosis. Arvy and 
Gabe(1) claimed to observe an increase of 
the mast cells in all tissues following thiourea 
administration. No counts were offered in 
either of these articles. We were unable to 


demonstrate any effect on mast cell numbers 
following thyroxine treatment. 


Summary and conclusions. ‘The effect of 
cortisone and thyroxine and starvation on the 
numbers of tissue mast cells in the rat mesen- 
tery, heart, and skeletal muscle was investi- 
gated by making numerical counts of the cells. 
A whole mount technic was employed for the 
mesentery, while other tissues were prepared 
by the usual histological routine. All 
were stained with an alcoholic solution of 
aqueous toluidin blue. No significant changes 
in mast cell numbers were effected by either 
cortisone or thyroxine. Starvation produced 
a Statistically significant increase. The al- 
leged degenerative ‘types of mast cells were 
seen as frequently in controls as in treated 
rats. This group of experiments therefore 
has failed to provide any evidence supporting 
the contention that tissue mast cells are 
affected by thyroxine or cortisone. 


The authors wish to thank Mrs. Elaine Solkin 


for technical assistance. 
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Eosinopenia During Last Third of Pregnancy and After Delivery in 


Several Stocks of Mice.* 


(20353) 


FRANz HALBERG AND Frep Bock. (Introduced by M. B. Visscher) 


From the Department of Physiology, University of Minnesota. 


In the course of other work it was noted 
that the eosinophil count of mice in an ad- 
vanced stage of pregnancy, or within a day 
or two after delivery, was lower than that of 
non-pregnant females of the same stock. The 
data presented in this report appear to verify 
this impression. 

Materials and methods. Pregnant and non- 
pregnant mice from the breeding colony of the 
Division of Cancer Biology at the University 
of Minnesota were used for study. The stocks 
employed have been described(1). Mice for 
which counts were obtained on the day of 
delivery or on the following day constitute 
Group I (post partum). The other mice 
studied had not delivered within 3 weeks prior 
to sampling. Some of them (Group II) were 
over 2 weeks pregnant at the time of sampling 
and delivered their young within the following 
7 days. Other mice, which had not shown a 
marked increase in weight and which did not 
deliver young during the 32 days follow- 
ing sampling constitute Group III (the “‘con- 
trol” group). It is possible that mice which 
had abortions were included in this latter 
group. The mice constituting Group III were 
selected to match in age (+ 10 days) the mice 
of the experimental groups, which were from 
3 to 10 months of age. The animals were in- 
dividually housed for 36 to 96 hours prior to 
sampling. The cages were kept in a room in 
which activities necessary for the maintenance 
of other mice continued without change. 
Room temperature varied between 73 and 
85°F. The room was illuminated during the 
day and dark at night. Purina Fox Chow and 
tap water were available to the mice, ad libi- 
tum, from weaning and throughout this inves- 
tigation. Samples of blood were obtained 
during specified periods of the day and the 
eosinophil counts were recorded with notation 


* This investigation was supported by a grant 
from National Institutes of Health, Public Health 
Service. 


of the time. The procedures employed for 
eosinophil counts have been described(1). 


Results. It appears from Fig. 1 that eosino- 
penia is characteristic of the first 2 days after 
the delivery of the young, in the stocks of 
mice examined. Table I indicates that on the 
average the eosinophil level of mice pregnant 
2 weeks and more is lower than that of non- 
pregnant mice of the same stock. Examina- 
tion of the 2 sections of Table I also reveals 
that eosinopenia during the third week of 
pregnancy is observable in data from samples 
collected at night as well as in data from sam- 
ples collected during the day. 


Discussion. It can be seen from Table I 
that the differences observed in mean eosino- 
phil level between pregnant and non-pregnant 
mice of the Ax and Zb stock are significant be- 
low the 5% level. Comparable data describ- 
ing mice of the A stock and the Z stock show 
the same trend, even though the differences 
observed are not significant statistically. 

A mice differ from Ax mice and Z mice 
differ from Zb mice by the presence of the 
mammary tumor milk agent. The presence 
of this agent does not appear to influence the 
characteristic eosinophil level in 6-months-old 
males of the A and the Z stocks(1). The ques- 
tion whether or not the presence of the agent 
has an effect on the degree of eosinopenia 
noted in females of 2 stocks of mice prior to 
and shortly after the delivery of the young 
cannot be discussed on the basis of these 
limited data. If the problem of a possible 
effect of the milk agent on eosinophil levels 
during pregnancy should be of interest to 
other workers, the standardization of the cir- 
cumstances of study may prove to be impera- 
tive. Routine conditions prevailing in a 
breeding colony do not seem to be satisfactory 
for the quantitative evaluation of a variable 
as sensitive to environmental factors as the 
eosinophil level. For the same reason a com- 
parison of the day and night levels obtained 
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FIG. 1. Post partum eosinopenia in several stocks of mice. 


for the stocks studied does not appear to be the human. Davis and Hulit reported a 
justifiable. marked decrease in number of eosinophils 

The observation of eosinopenia post partum during labor as well as the persistence of low 
in mice is in keeping with an earlier finding on eosinophil levels through the first day post 


340 CULTIVATION OF VARICELLA AND ZOSTER 
TABLE I. Eosinopenia during the Last Third of Pregnancy in the Mice Investigated. 
Mean No. 
No. of of eosino- Differ- 
Stock Type mice phils ence t 12 
Section I. Samples obtained from 08:30 to 13:00 
Zb NP 4 133 73 2.598 026 
1p 8 60 
Z NP 8 121 47 1.289 217 
P 9 74 : 
Ax NP 5 518 428 2.966 021 
1, + 90 
A INA 4 164 32 923 375 
P 10 132 
Section IT. Samples obtained from 22:00 to 02:30 
Zb NP ii 66 51 2.481 .029 
Ae 7 15 
Z NP 4 80 42 1.023 833 
P 7 38 
Ax NP. 9 212 Bist 2.837 O11 
Pp, 10 101 
A Nz 6 174 53 2.966 .260 
ae 8 121 
NP = nonpregnant; P = pregnant. 
partum (2). The authors are indebted to Dr. Maurice B. 


Summary. Eosinopenia was observed dur- 
ing the last third of pregnancy in several 
stocks of mice. The mean eosinophil level of 
females of the Ax and the Zb stock, pregnant 
2 weeks and more, was less than half of that 
noted in non-pregnant mice. Eosinopenia 
was also noted during the 48 hours following 
the delivery of the young. 


Visscher for advice, to Dr. John J. Bittner for the 
mice employed and to Miss Ruth O. Vrudny for val- 
uable assistance. 
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from Varicella and Herpes Zoster.* 
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(Introduced by J. F. Enders.) 
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From the Research Division of Infectious Diseases, Children’s Medical Center, Boston and the 
Department of Tropical Public Health of Harvard School of Public Health. 


It is generally accepted that serial propaga- 
tion in the laboratory of the agents of vari- 
cella and of herpes zoster has not heretofore 
been accomplished. Certain of the earlier 
published reports regarding their serial propa- 
gation have more recently been attributed to 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 


possible confusion with viruses pathogenic for 
lower animals. However, morphological evi- 
dence has suggested that a single passage of 
the agents of varicella and herpes zoster has 
been achieved. Thus Rivers(1,2) observed fo- 
cal lesions with intranuclear inclusions in the 
monkey testicle following the local inoculation 
of varicella vesicle fluid. Goodpasture and 
Anderson(3) grafted human skin on _ the 
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TABLE I. Isolation of Cytopathogenie Agents in Tissue Cultures Inoculated with Varicella 
Vesicle Fluid. 


Day illness Vesicle fluid Day cult. 

vesicles frozen Tsolation in C.P.t first 

Patient Age aspirated* before use roller tubest observed 
McE. 23 4 24 mo 3/3 8 
Wel. 4 2 22°” 3/4 8 
Rud. 7 2 Ore 3/4 6 
And. 8 1 ez 2/4 6 
Dru. 15 3 2 wk 3/4 i 
Pat. 4 il Liye 1/4 13 


* Dated from appearance of vesicles. 


+ No. cultures showing foci/No. inoculated. 


+ Cytopathic changes. 


chorioallantoic membrane of the chick embryo. 
Although negative results were obtained fol- 
lowing inoculation of varicella vesicle fluid, in 
one experiment histological examination of 
grafts following inoculation with fluid from 
herpes zoster lesions revealed intranuclear in- 
clusions. Using essentially the same technic, 
Blank, Coriell and Scott(4) likewise in one 
instance demonstrated inclusion bodies after 
inoculation of zoster material. 

In 1948 we began an investigation of the 
potentialities of suspended cell cultures of hu- 
man tissues as a medium for the isolation of 
the causative agent of varicella. Eosinophilic 
intranuclear inclusions were demonstrated on 
examination of tissue fragments removed from 
the cultures at intervals after the introduction 
of varicella vesicle fluid(5). Efforts to main- 
tain the responsible agent on serial passage in 
this type of culture were unsuccessful. More 
recently roller tube cultures of human tissues 
have been applied to the same objective. The 
results so far obtained are here reported in a 
preliminary manner. As will be shown it has 
been possible to isolate and maintain in serial 
passage cytopathogenic agents apparently de- 
rived from specimens of varicella vesicle fluid 
as well as others apparently obtained from 
herpes zoster vesicle fluid. 

Materials and methods. Vesicle fluid speci- 
mens were collected and stored as previously 
described(5). Roller tube cultures were pre- 
pared as in our studies on poliomyelitis(6) 
utilizing either human embryonic skin-muscle 
tissue or foreskin tissue obtained from boys 
between the ages of 3 months and 3 years. In 
the present experiments the nutrient fluid for 
the cultures consisted of bovine amniotic fluid 


(90%), beef embryo extract (5%), horse 
serum (5%), antibiotics, soybean trypsin in- 
hibitor and phenol red as recently described 
(6,7). Changes of the nutrient fluid were 
made at 3- or 4-day intervals. In certain ex- 
periments for histologic examination tissues 
were grown on coverslips coated with chicken 
plasma that were placed in roller tubes; these 
preparations were fixed with Zenkers-acetic 
acid and stained with hematoxylin and eosin. 

Experimental. 1) Studies with varicella 
vesicle fluid. Vesicle fluids derived from 11 
cases of varicella were inoculated individually, 
usually in the form of 0.1 ml aliquots of a 
suspension in milk, into groups of roller cul- 
tures of human embryonic skin-muscle tissue. 
The exact concentration of the fluid in milk 
cannot be stated. In every instance tissue 
growth was well established at the time of 
inoculation. As summarized in Table I, in 
cultures inoculated with fluids from six of 
these cases, focal cytopathogenic lesions of a 
characteristic appearance developed which 
were readily seen on microscopical examina- 
tion of the living cultures. These lesions 
usually were first observed from the 6th to 
8th day after inoculation. They consisted of 
small collections of swollen, rounded refractile 
cells which contrasted sharply with the sur- 
rounding fibroblastic or epithelial outgrowth. 
Those foci of affected cells developing in the 
sheets of cells of normal appearance increased 
slowly in size. The cells in the center of such 
focal areas gradually degenerated over the 
course of several days, while slow peripheral 
extension of the lesion continued for days or 
weeks as contiguous cells became infected. 
Study of stained coverslip preparations from 
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TABLE II. Serial Propagation of Two Agents Isolated following Inoculation of Varicella 
Vesicle Fluid in Cultures of Human Tissue. 
eS  — — ————————— 


——_ Me E. strain————_,, -—— Wel. strain——_— 
Cumulate No. cult. CP. No. cult. C.P. 
days in Dey fOle se Day CP trea: eee 
Passage Tissue culture noted No. cult. inoc. noted No. cult. inoe. 
il Emb. S-Mt 0 8 3/3 8 3/4 
2 4 9 3 3/3 4 oe 
3 Foreskin 20 10 1/2 5 2 
4 ae 34 5 8/9 5 10/16 
5 + 45 4 3/4 3 3/3 
6 Emb. S-M 58 3 15/15 3 15/15 
7 S 67 3 9/10 3 10/10 
8 5 81 3 8/8 3 8/8 
9 4 94 3 6/6 3 6/6 
10 Foreskin 124 4 5/6 4 6/6 


*C.P.= cytopathic changes, 


+ Emb. S-M = human embryonic skin and muscle tissue. 


roller tube cultures inoculated with vesicle 
fluid material has shown that the changes in 
cellular morphology are characteristically as- 
sociated with the presence of inclusion bodies. 
At the margin of a focus occasional cells may 
be observed that show no gross morphological 
changes, yet contain small granular intra- 
nuclear inclusions. Rounded and swollen cells 
almost invariably possess intranuclear eosino- 
philic inclusions. Occasionally the larger 
swollen cells are multinucleate, with each 
nucleus containing an inclusion; such cells re- 
semble the multinucleate giant cells described 
by various workers in the lesions of varicella, 
herpes zoster and herpes simplex(8). Focal 
lesions developing in a pre-existing loose net- 
work of cells progress irregularly, but manifest 
similar changes. The morphological changes 
observed in the cultures will be reported in 
more detail in a future communication. 

All six of the agents isolated following the 
inoculation of varicella fluids have been propa- 
gated serially in tissue culture as indicated by 
the successive development in subcultures of 
focal areas of cellular enlargement and de- 
generation. Two of the strains (McE. and 
Wel.) have now been maintained for 10 pas- 
sages aS summarized in Table II. The in- 
oculum employed to initiate the third and 
succeeding passages in these experiments con- 
sisted of 0.1 ml of a suspension of coarsely 
ground tissue removed from the preceding set 
of cultures. On one occasion, the infected 
tissue suspension was frozen in the CO. box 
prior to use; otherwise, the inoculum was pre- 


pared on the day it was employed. Fig. 1 to 
3 depict representative cytopathic changes 
observed during the serial propagation of the 
McE. and Wel. agents. In contrast to the re- 
sults obtained with tissue suspensions, at- 
tempts to establish passages with inocula con- 
sisting of centrifuged fluids removed from the 
infected cultures have so far been unsuccess- 
ful. 

Studies designed to elucidate the nature and 
etiological relationship of these cytopatho- 
genic agents thus isolated to varicella are in 
progress. In one experiment, vesicle fluid ma- 
terial of known infectivity for cultures did not 
produce cytopathic changes when inoculated 
following heating at 60°C for 30 minutes. In 
none of more than 70 control cultures main- 
tained during the passage experiments have 
focal lesions been observed; these tubes rou- 
tinely received inocula consisting of a suspen- 
sion of tissue derived from control cultures of 
the preceding passage. Tissue suspensions in- 
fective for cultures have been without obvious 
effect when inoculated into suckling mice or 
into the developing hens egg by various routes. 
Attempts at in vitro neutralization of the cyto- 
pathogenic effect with convalescent serum 
from cases of varicella have so far been un- 
successful. It is possible that the close asso- 
ciation of the infective agents with cell con- 
stituents may be involved in this apparent 
lack of neutralizing effect. In certain pre- 
liminary experiments in which culture fluids 
harvested from tubes showing cytopathic 
changes have been employed as antigen in 
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‘uth % 


FIG. 1. Varicella. McH. strain; 3rd tissue culture passage. 
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Focal lesion in foreskin culture; 


7th day after inoculation, (H & E x 100). 


complement fixation tests on paired serum 
specimens obtained from cases of varicella, a 
rise in antibody titer has been observed. The 
specificity of this reaction is under investiga- 
tion. 

2) Studies with herpes zoster vesicle fluid. 
Similar focal cytopathic changes have been 
observed in cultures inoculated with material 
obtained on the day of appearance of vesicles 
from an 80-year-old (Sto.) with thoracic 
herpes zostert and with fluid collected from 
a 30-year-old woman (Pie.) with involvement 
of the ophthalmic branch of the trigeminal 
nerve. The Sto. inoculum had been stored in 
the frozen state for 21 months prior to use, 
while the Pie. fluids were inoculated on the 
day of collection. Serial propagation in tissue 
culture of these two agents has been accom- 
plished, as summarized in Table III, again 
with inocula consisting of ground tissue sus- 
pensions. (These manipulations have been 
performed in a separate room from that in 
which the varicella agents have been main- 


t Collected by Dr. F. C. Robbins. 


tained.) The cytopathogenic effect observed 
in the cultures closely resembles that obtained 
following the introduction of varicella vesicle 
fluid. Examination of stained preparations 
from the second tissue culture passage of the 
Sto. strain has also revealed that the rounded 
swollen cells composing the focal lesions con- 
tain intranuclear inclusions (Fig. 4). Tissue 
suspensions prepared from cultures of the 
Sto. and Pie. agents, that were successfully 
employed to initiate culture passages, have 
produced no overt symptoms in newborn mice 
when inoculated by various routes. 


Discussion. Inoculation of roller tube cul- 
tures of human tissues with materials derived 
from the eruptive lesions of varicella and of 
herpes zoster has revealed the presence of 
cytopathogenic agents capable of producing 
intranuclear inclusions. These, subsequently, 
have been maintained in serial passage. A 
peculiarity of their behavior in the culture 
system employed has been the apparent fail- 
ure of infectious material to appear in the 
fluid phase. The focal lesions appear to in- 
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FIG. 2. Varicella. Wel. strain; original passage in human embryonic skin-muscle tissue. Edge 
of focal lesion on 6th day after inoculation of vesicle fluid. Note intranuclear inclusions and 
multinucleate cells. (H & E X 550). 


FIG. 3. Varicella. Wel. strain; 5th culture passage in foreskin tissue. Focus of cells with intra- 
nuclear inclusions on 6th day after inoculation. (H & E X 550). 
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TABLE III. Serial Propagation of Cytopathogenic Agents Isolated following Inoculation with Herpes 


Zoster Vesicle Fluid. 


ep a es a I a eS 
__——————— 


f Sto. strain 


—\ Pie. strain aN 


Cumulate No» cult. CP: Cumulate ; No. cult. C.P. 
daysin Day C.P.* -——_____ daysin Day C.P. — 
Passage Tissue culture noted No. inoe. Tissue culture noted No. inoe. 
if Emb. S-M 0 6 2/2 Foreskin 0 5 3/6 
» ep 15 5 10/10 2 14 3 6/6 
3 Foreskin 36 3 6/6 Emb. S-M 44 5 2/3 
4 i‘ 66 3 5/6 


*C.P. = cytopathic changes. 


crease in size by infection of immediately ad- 
jacent cells. On prolonged cultivation, how- 
ever, an increase in the number of focal lesions 
occurs. In one experiment in which infected 
cultures were maintained for 8 weeks approxi- 
mately 90% of the proliferating tissue became 
involved. Even so, extension of the lesions 


was continuing at the end of this period. The’ 


‘significance of these observations is being in- 
vestigated. It is at present clear, however, 
that in the utilization of tissue culture tech- 
nics for the isolation of unknown agents, con- 
sideration must be given to passage of tissue 


suspensions, as well as to the passage of fluid 
inocula. 

No evidence has been obtained that the 
agents isolated are not those responsible for 
varicella and herpes zoster. Yet no definitive 
statement can now be made regarding their 
nature, their etiological relationships, or the 
interesting question of the possible identity 
of the agents of herpes zoster and varicella. 
It is to be noted that the virus of herpes sim- 
plex when propagated in tissue cultures of the 
type here employed manifests an early focal 
tendency to induce lesions but then rapidly 


FIG. 4. Herpes zoster. Sto. strain; 2nd culture passage in human embryonic skin-muscle tissue. 
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Edge of focal lesion with intranuclear inclusions on 12th day after inoculation. (H & E X 825). 
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brings about a widespread infection of the cell 
population resulting in an appearance quite 
dissimilar to that here described(9). The 
failure of these agents to produce obvious in- 
fection of suckling mice, in view of the high 
degree of susceptibility of this animal to the 
virus of herpes simplex(10), also indicates 
that they are not to be identified with the 
latter. We have no indication that a Ricket- 
tsia-like agent of the type described by Sprunt 
and Hirst(11) was present in our cultures. 


Summary. The inoculation of roller tube 
tissue cultures of human tissues with vesicle 
fluid derived from patients with varicella has 
resulted in the isolation of six cytopathogenic 
agents. Two of the strains have been main- 
tained for 10 tissue culture passages by em- 
ploying tissue suspensions as the passage ma- 
terial. Histologically the lesions produced 
consist of focal accumulations of cells which 
become swollen, and then degenerate; char- 
acteristically, such cells contain intranuclear 
inclusion bodies. From the eruptive lesions 
of two cases of herpes zoster, cytopathogenic 


agents of a similar nature have been isolated 
and have been propagated serially in cultures 
of human tissue. 
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Antagonism of Toxicity of Vanadium by Ethylenediamine Tetra Acetic 


Acid in Mice. 


WALTER G. MITCHELL. 


(20355) 


(Introduced by H. E. Stokinger.) 


From the Toxicology Section, Occupational Health Field Hdqrs. U.S.P.H.S., Cincinnati, O. 


It has been shown by a number of workers 
(1-3) that ethylenediamine tetra acetic acid 
(EDTA) forms complexes with many metals. 
This principle has been applied, to a very 
limited extent, to experimental lead and cobalt 
poisoning in animals(4-6). 

Only occasional references to antidotes for 
vanadium are to be found in the literature. 
Priestly(7) found that potassium ferrocyanide 
and substances containing tannin were effec- 
tive antidotes for vanadium. BAL on the 
other hand, according to Sjoberg(8), was 
not only ineffective in reducing vanadium 
toxicity by inhalation in rabbits, but actually 
worsened the effect. 


In view of the peculiarly strong metal-com- 
plexing potentialities and low toxicity of 


EDTA, and tthe possible need for an effective 
antidote in acute cases of vanadium poison- 
ing, the prophylactic value of EDTA was 
tested in vanadium-poisoned mice. This 
study constitutes a part of a larger program on 
vanadium toxicology currently in progress in 
these laboratories. 

Materials and methods. The calcium diso- 
dium salt of EDTA* was used for this study, 
because it has been shown(9) that the sodium 
salts of this compound injected into an animal 


* This salt was prepared by combining millimolec- 
ularly equivalent amounts of Na,EDTA (East- 
man) and CaCl,. Grateful acknowledgement is 
made of the generous contribution of a solution of 
CaNagEDTA by the Bersworth Chemical Co., used 
for part of this study. 


ANTAGONISM OF VANADIUM ToxIcITyY By EDTA 


TABLE I. Dosage-Mortality Data of Vanadium 
as NaVO,°H.O in Mice. 


No. of ani- 
mg/kg mg/kgas maldeaths Mortality, 
NaVO,-H,O vanadium to No. used % 
20 es 3/20 15 
25 9.1 7/20 35 
30 10.9 14/20 70 
40 14.6 18/20 90 
50 18.3 19/20 95 


in sufficient amount will combine with calcium, 
causing hypocalcemic tetany and death. The 
calcium disodium salt reduces this tendency 
to the extent that the toxicity is decreased 
10-fold or more. Colorless solutions of hy- 
drated sodium metavanadate (NaVO3°H.O) 
were prepared in physiologic saline at a con- 
centration of 4 mg/ml with a resultant pH 
of 6.8. Male mice of the Webster strain were 
used.f Each mouse was weighed and given 
an intraperitoneal dose of EDTA and van- 
adium according to body weight. EDTA was 
first administered into the left side of the 
peritoneal cavity, followed by an injection of 
sodium metavanadate fifteen minutes later 
into the right side. Evidence for the validity 
of this procedure is presented below. An ob- 
servation period of one week was used in all 
tests. 

Results. Table I shows the dosage mortali- 
ty data obtained from intraperitoneally ad- 
ministered vanadium, as NaVO3*°H:O, at 5 
dosage levels. The LDs59 for 20-29 g white 
mice was 27.2 mg/kg NaVO3°H2O (9.9 mg 
V/kg), obtained by plotting the data in 
Table I. 

The validity of these data was checked at 
the LD7z) and LDgo dosage levels.+ In these 
tests, the mortality at the 30 mg/kg level of 
NaVO3°H2O was 14/20 or 70%; at 40 mg/kg, 
the ratio was 19/20 or 95%. 

Mice pretreated with CaNa2s2EDTA, 1500 
mg/kg, intraperitoneally and injected with 
14.6 mg/kg and 18.3 mg/kg vanadium as 
NaVO3;°H2O fifteen minutes later, gave the 
results shown in column 3 of Table II. At 
the LDy; (18.3 mg V/kg) there was 45% 
protection; at the LDos.5 (14.6 mg V/kg) the 


t+ Mice were obtained from-Hamilton Laboratory 
Animals Inc., Cincinnati, O. 

t Values taken at experimentally determined 
points. 
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protection was 77.5%. The administration 
of 1500 mg/kg CaNag2EDTA intraperitoneally 
in a group of 20 mice not injected with 
vanadium resulted in one death. No symp- 
toms of toxicity were observed at this dose 
level. 

To be assured that the decrease in toxicity 
of vanadium in EDTA-pretreated mice was 
not simply a matter of local chelation in the 
peritoneal cavity, a group of 20 mice was 
injected with 1500 mg/kg CaNaz2EDTA, sub- 
cutaneously. Half of the group was injected 
with the LD7z. dose of vanadium intraperi- 
toneally 20 minutes later, and the other half 
was given the same dose of vanadium intra- 
peritoneally 45 minutes later. Additional 
time was taken here to allow for the absorp- 
tion of the EDTA salt from this site, which 
was slower than from the peritoneal cavity. 
Of the 20 mice prophylactically treated with 
the complexing agent, 4 mice of an expected 
14 died, showing protection against vanadium 
administered by a different route, comparable 
to that when both agents are administered by 
the same route (Table II). 


The optimal dose of EDTA to counteract 
vanadium toxicity was determined by inject- 
ing vanadium intraperitoneally at the LD7o 
level (10.9 mg V/kg). By maintaining the 
dose of vanadium constant and progressively 
reducing that of EDTA, in groups of 10 mice 
each, it was found that CaNaz2EDTA at a 
dose of 62.5 mg/kg body weight protection 
first became significantly less than at higher 
dosage levels. At 30 mg/kg, CaNaz2EDTA 
appeared to afford no protection (Table II, 
Col. 4-11). Additional groups of 10 mice 
each were used at certain critical points. 


If 75 mg/kg is considered as the lowest 
dose of CaNasEDTA which gives maximal 
protection against a vanadium dose 10.9 
mg/kg, then it appears that approximately a 
1:1 molar ratio of EDTA to vanadium is 
necessary for maximal protection prophylac- 
tically; seventy-five mg is one-fifth millimole 
of CaNaszEDTA (molecular weight, 374.3) 
and 10.9 mg is slightly more than one-fifth 
millimole of vanadium (atomic weight 51). 
Thus the optimal, prophylactic, protective 
dose of EDTA is one which is equal to or 
slightly greater than vanadium on a molar 
basis. 
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TABLE II. EDTA Protection against Vanadium Toxicity in Mice. Values in table are ratios 
of number of mice that died to number treated. 
pels ea Ee eee 


cr 


Vanadium, Controls 


Mortality ratios 
——CaNa,EDTA, mg/kg intraper., 15 min. prior to vanadium inj.— 


mg/kg (noEDTA) 1500 1000, 500, 375 250m 125mm 75 eco een 
133 S| 149/200" >= 10/80) ee 

14.6 37/40 6/40 

10.9 1/10 0/10 1/10 2/10 2/20 0/10 2/20 7/20 6/10 


Discussion. The mice that had been pre- 
treated with EDTA showed the same symp- 
toms after vanadium administration as those 
that had not been pretreated with EDTA. 
The symptoms usually consisted of depression 
and respiratory distress. In the non-pre- 
treated mice, this depression usually prog- 
ressed to a coma with clonic convulsions fre- 
quently occurring before death. The pre- 
treated mice usually recovered from this de- 
pressed state in about 2 hours and appeared 
to have returned to normal within 24 hours. 
From this, it is concluded that in the EDTA 
pretreated mice, the vanadium is absorbed 
and exerts its initial toxicity. Some time 
later (about 2 hours) the metal chelate of 
EDTA is probably formed in sufficient amount 
to reduce the vanadium to a nonlethal level 
except in a few individuals. 


The fact that subcutaneously administered 
EDTA protects against vanadium adminis- 
tered intraperitoneally shows that local chela- 
tion probably is not a significant factor in 
these experiments. 


Summary. 1. Calcium disodium ethylene- 
diamine tetra acetate has been shown to pre- 
vent fatalities in mice injected with LDzo, 
LDoz5, and LD»; doses of vanadium as 
NaVO3°H2O, 80 to 90% of the mice in- 
jected at the LDz 9 and LDo:; dose levels of 


vanadium surviving. 2. At least one millimole 
of EDTA must be present for every millimole 
of vanadium in order to show maximal pro- 
phylactic protection. 3. The time required 
for EDTA to detoxify an LD 7 dose of van- 
adium in mice appeared to be approximately 
two hours. 


Acknowledgement is herewith given to Dr. H. E. 
Stokinger, Chief Toxicologist, Division of Occupa- 
tional Health, U. S. Public Health Service, Cincin- 
nati, for helpful suggestions and review of the 
manuscript. 
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Inhibition of Chicken Tumor I by Plasma from Chickens Infected with an 


Avian Malaria Parasite. 


(20356) 


W. TRAGER AND R. B. McCGHEE. 
From the Laboratories of The Rockefeller Institute for Medical Research, New York City. 


Certain similarities in the pattern of age 
resistance of chickens to tumor I of Rous(1,2) 
and to the malaria parasite Plasmodium 
lophurae(3) suggested that these two infec- 
tions might influence each other in some way. 
No effect of the tumor on the course of the 
malarial infection was observed, but a series 
of experiments showed that the growth of the 
tumor was temporarily inhibited by the ma- 
larial infection(4). Preliminary experiments 
then indicated that plasma, taken from ma- 
larious chickens and injected intravenously 
into non-malarious chickens previously inocu- 
lated with a suspension of tumor tissue, might 
have an inhibitory effect on the tumor. This 
indication has been fully supported by the 
results of 5 successive experiments designed 
in the following way. 

Materials and methods. For each experi- 
ment a group of day-old Rhode Island Red 
chickens was obtained and reared in a uniform 
manner. When the chickens were 2 weeks 
old, one of the authors (A) inoculated a suit- 
able number of them with chicken tumor I (a 
strain which had been maintained in the lab- 
oratory of Dr. J. B. Murphy at the Rocke- 
feller Institute and which was _ obtained 
through the courtesy of Dr. K. R. Porter). 
Each chicken received into each side of the 
breast muscle 0.2 ml of a suspension made by 
grinding in a glass grinder tumor tissue (from 
a young chicken inoculated 8 to 10 days pre- 
viously) in nutrient broth in the proportion 
of 1 g of tissue to 2 ml of broth. The other 
author (B) then weighed the chickens and 
arranged them on the basis of weight into com- 
parable groups. In each of the 5 experiments 
one such group was treated with normal 
plasma and a second with malarious plasma. 
In 4 of the experiments a third group was left 
without further treatment, and in one experi- 
ment a fourth group was treated with a second 
preparation of malarious plasma. The plasma 
samples were all prepared by worker A. For 
each treatment, 8 to 11 normal chickens of 


the same age as the tumor chickens, or 2 or 3 
older chickens, depending on the experiment, 
were bled from the heart. For each 10 ml of 
blood, 1 ml of a solution containing, per 100 
ml, 27 mg heparin and 0.85 g sodium chloride, 
was used as an anticoagulant. The individual 
blood samples were centrifuged and the plas-, 
mas were pooled. In a similar manner, pooled 
plasma was prepared from corresponding ma- 
larious chickens. These were in the 4th, 5th, 
or 7th day, depending on the experiment, 
of an infection with P. lophurae. Strain 12A 
of this parasite was used. It was passed in 
young chickens at 4- to 6-day intervals. 
Chickens to be used as donors of malarious 
plasma were inoculated with 0.2 ml, per 100 
g body weight, of blood containing approxi- 
mately 50 to 75 parasites per 100 red blood 
cells. The samples of pooled plasma, pre- 
pared by worker A, were turned over to worker 
B, who administered the treatments. Each 
treatment consisted of the slow intravenous 
injection of either 5 ml or 2.5 ml of the ap- 
propriate plasma to each chicken. On one or 
several days during the course of the experi- 
ment, worker A made an estimate of the rela- 
tive size of the tumors. This estimate could 
not have been influenced in a subjective way, 
since worker A not only did not know which 
chicken received which treatment, but he also 
did not even know the arrangement of the 
chickens by groups. On the last day of the 
experiment (8 to 11 days after inoculation of 
the chickens with tumor tissue) blood films 
stained with Giemsa stain were prepared from 
the chickens which had been treated with ma- 
larious plasma. All of the chickens were then 
killed with chloroform, placed in paper bags, 
and left for several hours in a refrigerator. 
This treatment rendered the contents of the 
tumors less fluid. Worker A, still without 
knowledge of the grouping of the chickens, 
then cut into the breast muscle of each 
chicken, removed all of the loose mucoid tu- 
mor tissue which could be spooned and scraped 
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CHICKEN TUMOR AND MALARIOUS PLASMA 


TABLE I. Effect of Intravenous Administration of Malarious Plasma on Mean Tumor Weight of 
Chickens Inoculated with Tumor I Tissue. 5 experiments. 


Ue ar Soa a ey ore ibaa Sa Derk St ee 
Se EEE 


Ratio, 
mean tumor 
——— Treatment———__,, Day* wt Group A/ 
No. Dose, tumors Meanwt -—Diff. of mean—, mean tumor 
Group chickens Plasma ml Ondays* weighed tumors, g g pll wt Group B 
A 8 ~ Normalt 5 4-10 11 16 A-B=7 oli 1.8 
B 8 5-day mt¢ 5 4-10 11 9 
A 10 Normal} & 4-8 9 24 A-B =10 .02 ey, 
B 10 5-day mt 5 2 8) 14 C-B =10 02 
Cc 10 0 — — 9 24 C-A = 
A 10 Normal} 5 1-8 9 13 A-B = 5 ol 1.6 
B 10 5-day mt 5 i 9 8 C= B= <0 
C 10 0 — — 9 23 C-A =10 .02 
A 10 Normals$ 2.5 4-7 8 16 INES 185) all 1.5 
B 10 4-day m§ 3 we - 8 it CS By 6 <0 
C 10 0 — -— 8 17 (CS INes= al 
A 10 - Normals 2.5 4-7 8 18 HN 1B} Ses OY 05 1.6 
B 10 4-day m§ Hi 8 11 Oe sii 05 
C 10 0 — _— 8 NY INEND Ss By Spi 
D 10 7-day m§ 2.5 4-7 8 13 A C= 


* After day of inoculation with tumor tissue. 
tm = malarious. 

+ From chickens of same age as recipients. 

§ From 3-month-old chickens. 


| p <0.01 for the differences between the means of Groups A and B in the entire series of 5 exp. 


TABLE II. Body Weights and Tumor Weights of Individual Chickens of Exp. 5 (Table I) on the 8th 
Day after Inoculation with Tumor Tissue. 


Group A B 
Normal plasma 4-day malarious plasma 
Body wt,g Tumorwt,g Bodywt,g Tumor wt, g 


Treatment 


; =e 
Cc D 

No treatment 7-day malarious plasma 
Body wt,g Tumorwt,g Body wt,g Tumor wt, g 


215 22 185 12 234 21 222 14 
264 26 241 2 232 5 212 19 
273 9 246 16 246 21 250 16 
225 20 243 af 224 17 275 10 
287 29 272 13 281 : 6 280 10 
252 5 229 14 249 14 261 14 
224 ily 209 g) 236 Ie 255 19 
153 12 222 9 175 14 209 16 
248 6 221 8 232 31 250 14 
295 29 314 19 280 21 290 2 
Avg 
244 18 238 et 239 IW 250 13 
out, and weighed it. In this way there was obvious. This consistency is reflected in the 


obtained a quantitative measure of the amount 
of tumor development. 

Results. The details of the treatments and 
the principal results of the 5 experiments are 
summarized in Table I. The consistency of 
the results, as expressed in the ratio of mean 
tumor weight of chickens treated with normal 
plasma to mean tumor weight of chickens 
treated with 4- or 5-day malarious plasma, is 


high degree of statistical significance of the 
differences between these means for the entire 
series of experiments (p <0.01 as estimated 
from a calculation of ¢(5)). The low statis- 
tical significance of the difference in mean 
tumor weight between Groups A and B 
(Table I) in certain individual experiments 
is largely a result of the well-known inherent 
variability in the response of unselected chick- 
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TABLE III. Estimated Sizes of Tumors of Chick- 
ens of Exp. 3 (Table I) during Treatment. 


Sum of estimated sizes 
(Ges 0.5, —- = Ib 
Z| =e ebC.) NOM 

day after inoculation 


Group Treatment 6 7 8 9 
A Normal plasma ALY 19° 24 22.5 
B Malarious ” Wass Soe eal S 
Cc 0 20 23 29 32 

ens to inoculation with tumor I. This varia- 


bility is well illustrated in the results of Exp. 
5, presented in detail in Table II. Table II 
also shows that there were no significant dif- 
ferences between any of the groups with re- 
spect to final body weight (p >0.9). This 
was true in the other 4 experiments as well. 

In only one experiment (Exp. 3) was there 
any difference between the mean tumor weight 
of the untreated group (C) and that of the 
group (A) treated with normal plasma (Table 
I). This also happened to be the only experi- 
ment in which the treatments were begun at 
one day rather than at 4 days after inocula- 
tion with tumor tissue. Interestingly enough, 
the effect of the normal plasma became ap- 
parent late in the relatively long course of 
treatment, whereas the effect of the malarious 
plasma was most noticeable early in the 
course-of treatment (Table III). 

In all the experiments, the estimates of 
tumor size made on the living chickens during 
the course of treatment showed that the tu- 
mors tended to become apparent later and to 
grow more slowly in the chickens treated with 
malarious plasma than in those treated with 
normal plasma or left untreated. For exam- 
ple, in Exp. 2, on the 7th day after inoculation 
with tumor tissue, 3+ to 4-++ tumors were 
present in 2 of the chickens in Group B, 7 of 
the chickens in Group A, and 7 of the chickens 
in Group C. Again, in Exp. 5, on the morning 
of the 6th day and hence after only 2 treat- 
ments, the numbers of chickens in each group 
of 10 which still showed small growths (rated 
as + or +) were: A (normal plasma) 3; 
B (4-day malarious plasma) 6; C (untreated) 
3; D (7-day malarious plasma) 4. The re- 
maining chickens in each group had tumors 
rated as 2+ or 3-++. 

With the dosages of malaria parasites which 
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were used to infect the donors of malarious 
plasma, the malarial infection generally - 
reached its peak on about the 6th day in 
young chickens and the 5th day in the older 
chickens. Hence all of the donors of plasma 
for the Group B chickens of each experiment 
were used shortly before the infection would 
have reached its peak. Since plasma taken on 
the 7th day of infection was used in only one 
experiment (Exp. 5, Group D) no definite 
conclusions concerning it can be drawn. How- 
ever, the intermediate type of result obtained 
with it, or the possible complete lack of sig- 
nificant effect, was in keeping with a number ~ 
of preliminary experiments which indicated 
that the most effective plasma could be ob- 
tained shortly before, rather than at or after, 
the peak of the infection. 

Plasma obtained by the centrifugation of 
blood heavily infected with malaria parasites 
may be expected still to contain a few para- 
sitized erythrocytes. These might be capable 
of initiating a malarial infection in the chick- 
ens which received large amounts of such 
plasma. Therefore the blood films prepared 
from these chickens on the last day of each 
experiment were each examined for malaria 
parasites for a period of 5 minutes. In this 
way, a few of the chickens were found to have 
very light infections. For example, in Exp. 
3, in which the greatest amount of plasma was 
given, one parasite was found in the smear 
from one chicken and 2 parasites in the smear 
from another. It was known from the earlier 
work with chickens infected simultaneously 
with P. lophurae and tumor I that such light 
malarial infections had no effect on the tumor 
growth(4). P. lophurae was a fortunate ex- 
perimental. material from this point of view, 
for in chickens large doses of this parasite are 
required to produce a severe infection. Hence 
a few stray parasites introduced with the 
plasma in most cases produced no patent in- 
fection and could not have been responsible 
for the effects which were observed. 

Discussion. It is evident that the plasma 
of chickens near the peak of an acute infection 
with P. lophurae exerts an inhibitory effect on 
tumor growth when it is injected into young 
chickens previously inoculated with chicken 
tumor I tissue. A simple hypothesis to ex- 
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plain this result would assume that there ap- 
pears in the plasma of the malarious chickens 
an increased concentration of some non- 
specific reaction product which has growth- 
inhibiting properties. An increase in lipopro- 
teins has in fact been demonstrated in birds 
undergoing malarial infections(6). This may 
provide a clue as to the type of substance to 
be looked for. 


It is of interest to note the recent observa- 
tion(7) that the life of leukemic mice was pro- 
longed when they were infected with Plas- 
modium berghei, a malarial parasite of cer- 
tain rodents. 

Summary. Two-week-old chickens were 
inoculated in the breast muscle with a suspen- 
sion of chicken tumor I tissue. They were 
subsequently left untreated or given a series 
of intravenous injections of either normal 
chicken plasma or plasma from corresponding 
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chickens which were near the peak of an acute 
infection with Plasmodium lophurae. On the 
day after the last treatment the tumors which 
had developed were weighed. In a series of 5 
experiments, the mean tumor weight of the 
chickens left untreated or treated with normal 
plasma was 1.5 to 1.8 times greater than that 
of the chickens treated with malarious plasma. 
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Success with corneal(i), bone(2), and 
aortic(3) homotransplantation has further 
stimulated interest in the possibility of skin 
and renal transplantation in human medicine. - 
Advances in surgical technics which have 
made possible autotransplantation of kidneys 
in experimental animals(4) as well as tem- 
porary homotransplantation in man(5) have 
focused new attention on the phenomenon of 
individual tissue specificity (6). 

The mysterious failure of skin and kidney 
homotransplants days to weeks following an 
initial period of functional survival is sug- 
gestive of an immune response to an antigenic 
stimulus. Coincident with the development 


* This research was aided by grants from the 
Bristol-Myers Pharmaceutical Co. and the National 
Institutes of Health of the U. S. Public Health 
Service. 


School, Boston. 


of experimental renal lesions induced by large 
doses of serum globulin a temporary depres- 
sion of serum complement levels has been 
observed(7). Similar depressions of comple- 
ment have also been noted in nephrotoxic 
nephritis(8) and human glomerulonephritis 
(9,10).f In the present study serial serum 
complement levels were determined in a group 
of dogs undergoing kidney transplantation. A 
comparison of these findings with patterns 


+ Suppression of circulating complement is not 
unique for renal disease. Studies of C. A. Janewav 
and co-workers (12) have shown this phenomenon 
to be a feature of “serum sickness” reactions pro- 
duced by relatively pure antigens (albumin) which 
involve the arterioles. The most marked and sus- 
tained serum complement suppression observed in 
humans occurs in disseminated lupus erythematosis 
(11) with or without obvious renal disease. 
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seen in spontaneous and experimental renal 
disease is of interest for the understanding of 
the biology of organ homotransplantation. 


Materials and methods. Homotransplanta- 
tion. Healthy mongrel dogs weighing 10 to 
14 kg were used as donors and recipients for 
kidney transplantation. Under nembutal 
anesthesia one kidney was removed from the 
prospective donor with preservation of ade- 
quate length of renal artery and of renal vein 
for anastomosis. In some earlier experiments, 
arterial perfusion of the donor kidney in vivo 
was done, using physiologic saline, with or 
without penicillin (5 cc with 5000 U/cc) and 
heparin (5 cc with 10 mg/cc). Since this 
procedure had no noticeable beneficial effect 
on the results, it was discontinued in later 
experiments. End-to-end suture anastomoses 
of the renal vessels to the iliac vessels were 
carried out in all cases reported (except Dog 
47-52 where the neck site was used), and the 
ureter brought out to the skin. This loca- 
tion in the iliac fossa made possible gravity 
drainage of urine, a well anchored and pro- 
tected graft, and helped prevent ureteral an- 
gulation. At the conclusion of the operation, 
the tip of the ureter bled freely, and clear 
urine appeared in a steady drip. Complement 
determination. Freshly drawn venous blood 
was allowed to clot at room temperature and 
the serum decanted within 90 minutes for 
storage at 8°C. The majority of determina- 
tions were carried out on the day blood was 
collected. Specimens examined at a later date 
were stored frozen at —20°C. No appreciable 
change in complement level was apparent 
under these conditions. Groups of sera con- 
taining specimens from normal controls were 
titered concurrently. A preliminary group of 
the complement titrations (Table I) was done 
by the 50% end-point method of Kabat and 
Mayer(13) modified by using a 5% instead of 
a 10% sheep cell suspension in the initial part 
of the procedure and by reducing the final 
volume of the test to 4 ml (2 ml sensitized 
cell suspension, 2 ml serum dilution) to facili- 
tate hemoglobin determinations in the Klett- 
Summerson Colorimeter (5500 A _ filter). 
Analysis of data on these 7 animals indicated 
that relatively high and variable readings re- 
sulted from. the estimations in the upper range 


TABLE I, Series I. Complement Levels in Dogs Undergoing Renal Homotransplantation. 
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of optical density. Taken as a group, how- 
ever, readings occur in a normal distribution 
curve, following roughly the pattern obtained 
by the unmodified 50% end-point complement 
method used thereafter (Table II). The main 
experiment of this report was carried out on 
4 dogs in which 2 homotransplants were com- 
pared with 2 autotransplants. The homo- 
transplanted animals received a third kidney 
in the groin, and the autotransplanted animals 
had one of their own kidneys transplanted to 
the same location. Complement titers were 
determined in these 4 animals by the method 
of Kabat and Mayer without modification. 

Results. All homotransplants stopped pro- 

® ducing urine within 2 to 6 days. As urine 
flow ceased, the ureters retracted, blackened 
and finally disappeared into the wound. Coin- 
cidentally the transplant enlarged, forming a 
firm, palpable abdominal mass. Less com- 
monly transplants disintegrated, leaving only 
remnants of necrotic tissue. The prompt es- 
tablishment of urine flow and evident effective 
functional survival of the two autotransplants 
was in marked contrast to the course of events 
in the homotransplanted kidneys. Ten values 
on 8 normal control dogs,+ and single pre- 
operative values on the 7 animals operated 
upon, were employed to find the complement 
level of normal dogs (Table I). By the modi- 
fied method the mean complement level was 
53 units with a o of 18 units. When the daily 
or the grouped postoperative values for the 
first 16 days are compared with the 17 normal 
values, no statistically significant change is 
noted. 

In the second series of animals studied by 
the unmodified complement titration pro- 
cedure, uniformly lower and more closely 
grouped values were obtained (Table Il). The 
course of events for a typical experiment is 


st © 
mae given in Fig. 1. Normal dog complement for 
a this method was found from 14 preoperative 
levels on 4 animals and single values on 2 
é e other normal dogs.’ The mean for these 16. 
2S determinations was 23 with a o of 4.5 units 
e e of complement. There is no significant differ- 


Avg 


+ Values for normal dogs not operated upon are. 
omitted in the tables. 

§ Values for normal dogs not operated upon are. 
omitted in the tables. 


* Graft removed. 
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FIG. 1. Complement levels in a dog undergoing homotransplantation of a kidney into the iliac 
fossa. 


ence between these 16 normal values and 30 
postoperative values, days 1 through 16, for 
autotransplants (t = 0.06). On the other 
hand, a significant rise in complement followed 
homotransplantation (16 normal values com- 
pared to 56 values from days 1 through 16 
give a t of 12.8 and P of >0.01). ‘There is 
a significant difference between 16 normal 
values and values for many of the days after 
homotransplantation. The first day after 
operation there was a significant fall in com- 
plement (t= 9.2; "P= 0.01). For: the 
next 3 postoperative days complement lay 
within the normal range (t = 1.8; PO.l. t= 
1.0. t = 0.8). For days 5 through 16 com- 
plement was elevated significantly (t <4.0; 
eee 01): 

Discussion. In 9 dogs which were sub- 
jected to a kidney homotransplantation a uni- 
form failure of the transplant was seen. In 
contrast to the 2 successful autotransplanta- 
tions which functioned continuously following 
surgery, the urine flow of all homologous 
transplants ceased within 5 days. Various evi- 
dences of necrosis and infection promptly fol- 
lowed. Although there was a transient fall 
of complement on the first postoperative day 
in 2 of the 9 animals undergoing homotrans- 


plantation, the pattern of complement depres- 
sion seen in human and experimental glomer- 
ulonephritis was not observed. This initial 
change could be due to many nonspecific 
causes. In these same animals a significant 
rise in complement in the late postoperative 
period was noted. During this later period the 
graft was undergoing dissolution. Similar 
complement rises associated with inflamma- 
tory processes have been seen by other observ- 
ers(9). There was no change in complement 
postoperatively in 2 control dogs subject to 
autotransplantation. Neither was there a sig- 
nificant postoperative change in complement 
in 7 dogs undergoing renal homotransplanta- 
tion who were studied with somewhat differ- 
ent method of complement titration. These 
patterns of complement levels after renal 
homotransplantation are quite unlike the 
“serum sickness” type of response in which 
a fall in complement ordinarily occurs a week 
or two after exposure to an antigen. 
Summary. Homotransplantation of kidneys 
in normal dogs was followed by prompt renal 
shutdown and progressive failure of the graft. 
Frequent complement determinations were 
performed during the 3-week postoperative 
period. Unlike the situation in human glome- 
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rulonephritis and experimental nephritis a fall 
in serum complement 1 to 2 weeks later was 
not observed. Instead there was sometimes 
seen a significant rise in serum complement 
following homotransplantation. 

The authors thank Doctor Frank Adler for valuable 
help. 
Addendum 

After this work was submitted for publication we 
learned that a similar study of serum complement 
levels in dogs undergoing kidney homotransplanta- 
tion had been presented by M. Simonsen, Biological 
Incompatibility in Kidney Transplantation in Dogs, 
(E. Munksgaard. Copenhagen 1953). 
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A recent investigation into. the structure of 
the epithelial attachment to the tooth revealed 
that in fresh, undenatured oral epithelium 
prominent tonofibrils secure cohesion of the 
epithelial cells among themselves and with 
neighboring tissues. such as the lamina propria 
and the surface of the tooth(1). These ob- 
servations, made in man and monkey with the 
phase contrast microscope, suggested a corol- 
lary study of the behavior of the tonofibrils 
in oral epithelium of normal and vit. A de- 
ficient rats. 

Experimental. Twenty male rats of the 
Long-Evans strain were fed a vit. A-deficient 


* Aided by grants from the Research Board’ of 


the University of California and the California State’ 


Dental Assn. 


diett beginning the week before weaning at 
14 days of age. Their weight curves showed a 
plateau between the ages of 50 to 60 days. A 
maintenance dose of 3 pg of vit. A alcohol in 
oil was administered per os when they showed 
signs of extreme exhaustion. Four rats which 
survived the deficient diet for 86 days (100 


+ The vit. A deficient diet had the following per- 
centage composition:vit.-free casein 24, sucrose 62, 
salts 4, cottonseed oil, vit. D, mixed tocopherol 10. 
The following vit. were added per 10 g diet: vit. D 10 
USP units, tocopherol (alpha and delta) 3 mg, men- 
adione 50 ug, thiamine 20 wg, pyridoxine 20 ug, ribo- 
flavin 50 wg, p-aminobenzoic acid 50 ug, niacin amide 
100 ug, inositol 2 mg, choline citrate 10 mg, biotin 
6 pg, pteroylglutamic acid 20 pg, pantothenic acid 
3350 ug, Byo 0.2 pes: 
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days old) were selected for the present study. 
A control group of 28 male rats were weaned 
and given a purified diet (30 ug vit. A alcohol 
to each 10 g of the deficient diet). Twenty 
of these rats were pair fed and used only for 
dietary evaluation. The other 8 rats were 
offered the control diet ad libitum and served 
in this study as normal controls when they 
were 100 days old. Fresh biopsies and briefly 
formalin-fixed specimens of the gingival pap- 
illa situated between the upper incisors were 
frozen (dry ice), sectioned and examined in a 
suspension of saline with the phase contrast 
microscope. Images of marked contrast can 
be obtained this way by illuminating the color- 
less, transparent objects according to the op- 
tical principles developed by Zernike(4). 
Photomicrographs were taken immediately. 

Results. In the normal rat the dental 
papilla is bordered by a broad epithelial sheet 
(Fig. 1A). This epithelium consists of 10 to 
15 cell layers and is occasionally enlarged by 
rete pegs at the free gingival margin. A wide 
stratum corneum is a physiologic character- 
istic. 

At high magnification a continuous network 
of tonofibrils is evident throughout the strata 
of living epithelial cells (Fig. 2A). A distinct 
structure conventionally called basement 
membrane adjoins the germinal layer of epi- 
thelium. This membrane is partly translucent 
and partly interwoven by reticular fibrils con- 
tinuous with those of the lamina propria and 
the delicate tonofibrils of the basal cells of 
oral epithelium. These cells have voluminous 
nuclei containing prominent nucleoli.and glob- 
ules of chromatin (Fig. 3A). The nuclei 
gradually disappear toward the surface layers 
at the expense of an increasingly larger cyto- 
plasm. Tonofibrils, seemingly looser oriented 
and finer in texture in the rat than in man and 
‘monkey, make up the bulk of the cytoplasm of 
these cells of the stratum spinosum (Fig. 4A). 
Their intracellular portions are somewhat 
compressed alongside the nucleus. Extracel- 
lular portions forming the intercellular bridges 
are only slightly larger than the intracellular 
parts and therefore give the entire network a 
rather homogenous appearance. As toward 
the outer surface of the epithelial sheet the 
cells become more dense and their nuclei no 
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longer are seen, the tonofibrils disappear 
abruptly. Several layers of transparent, kera- 
tinized cells interconnected by few remaining 
intercellular bridges line the surface. The 
successive loss of cohesion results in the final 
shedding of the uppermost layer. 

In oral epithelium of vit. A deficient rats 
some characteristic deviations from this nor- 
mal pattern are observed. In general the en- 
tire epithelial sheet is thinner (Fig. 1B). A 
distinct border between epithelium and con- 
nective tissue is not discernible as the base- 
ment membrane is absent. At various places | 
connective tissue appears to invade the epi- 
thelium reducing it to one single layer of liv- 
ing cells, the germinative cells; these contain 
exceedingly large nuclei (Fig. 2B). The life 
cycle of the epithelial cells is definitely short- 
ened, evidenced by early karyolysis. How- 
ever, in all viable epithelial cells tonofibrils 
are present and display the same morphologic 
features as in normal epithelium. Their con- 
nection with the reticulum of the connective 
tissue is obviously altered; without forming a 
network some tonofibrils fuse directly with 
delicate reticular fibrils of the connective tis- 
sue of the lamina propria (Fig. 3B). 

Tonofibrillar continuity is lost already in 
the stratum spinosum (Fig. 4B). Before the 
nuclei have disappeared completely the tono- 
fibrils decay into a granular mass. This gran- 
ulated zone in the stratum spinosum is not 
encountered in normal epithelium and seems 
to be typical for vit. A deficiency. The suc- 
ceeding keratinization is also disturbed, re- 
sulting in irregular and only slightly cohesive 
surface layers. It is noteworthy that this 
keratinous zone is approximately as thick as 
that of normal oral epithelium. 

Discussion and conclusion. Undenatured 
oral epithelium of the normal rat possesses 
tonofibrillar structures similar to those in man 
and monkey(1). These tonofibrils, however, 
are finer in texture and more irregular in 
course, but are equally inscrutable to conven- 
tional histologic methods. Furthermore, the 
nuclei of the germinal zone of normal oral rat 
epithelium are much larger than in man; the 
keratinous surface zone is wider. Deprivation 
of vit. A engenders the following pathologic 
changes in oral epithelium: a) aplasia of the 


PLATES I and II. Biopsies of gingival papilla between upper incisors of normal rats, a 

days of age (A) and vit. A deficient rats, 100 days of age (B) frozen sectioned in uel es sagit- 

tal plane at thickness 6-8 «4, suspended in saline, photographed without staining at various mag- 
nifications with phase contrast microscope. 
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FIG. 1. Overall aspect of gingival papilla, orig. mfg. x 120. A. Normal rat shows broad 
epithelial sheet (OE) with rete pegs at the vestibular side. CT — connective tissue. B. Vit. A 
deficient rat shows connective tissue focally penetrating into epithelium (arrows). 

FIG. 2. Epithelial sheet is shown, orig. mfg. X 1600. A. In the normal rat oral epithelium 
shows wide zone of keratinized cells at surface (KIS), prominent tonofibrils in stratum spinosum 
and basement membrane (BM) at epithelio-connective tissue junction. B. In the vit. A de- 


ficient rat only few layers of living epithelial cells are present, the surface is parakeratotic (PK) 
and the epithelio-connective tissue junction is not discernible. 
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FIG. 3. Epithelio-connective tissue junction is illustrated, orig. mfg. x 2200. A. The nor- 
mal rat shows translucent basement membrane interwoven with reticulum in continuity with 
tonofibrils of epithelial basal cells (HC). B. In the vit. A deficient rats few fine tonofibrils of 
basal cells fuse with delicate reticulum of connective tissue (CT) in absence of basement mem- 
brane. 

FIG. 4. Stratum spinosum is shown, orig. mfg. X 1800. A. In the normal rat tonofibrils 
extend irregularly from one cell into another, compressed alongside the nucleus (N); the extra- 
cellular portions identical with the intercellular bridges are slightly enlarged forming desmo- 
somes. B. In the vit. A deficient rat tonofibrils decay precociously effecting spongiosis (Sp) 


and parakeratinous surface layers (PK). 
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basement membrane at the epithelio-connec- 
tive tissue junction, b) precocious decay of 
the tonofibrils in the stratum spinosum, and 
c) parakeratosis of the surface layers. a) 
Absence of a distinct border structure between 
epithelium and supporting connective tissue 
could indicate that one point of attack of vit. 
A deficiency possibly lies in the connective 
tissue. The basement membrane belongs to 
the ground substance of connective tissue and 
encloses a network of reticular fibers(2). The 
connection of this reticulum with the tono- 
fibrils of the epithelium is altered in the mu- 
cosa of vit. A deficient rats. At various places 
connective tissue penetrates the epithelial 
sheet, limiting the latter to one layer of living 
cells. This points to a block in the trophic 
supply of the epithelium by the connective 
tissue in vit. A deficiency. The role of vit. 
A in the metabolism of connective tissue ob- 
viously warrants histochemical studies. b) 
Precocious, granular involution of the tono- 
fibrils is related to the well-described meta- 
bolic dysfunction of epithelium in vit. A de- 
ficiency(3). Loss of tonofibrillar continuity 
within cells with a nucleus constitutes a spe- 
cific disturbance that is not a stage of the 
normal cytomorphic changes of oral rat epi- 
thelium. Apparently it is identical with the 
histopathologic condition termed spongiosis. 
These observations on undenatured oral epi- 
thelium throw some new light on the nature 
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of the prominent, but little known, protoplas- 
matic cell structures called tonofibrils. They 
corroborate the views previously expressed (1) 
that the presence of tonofibrils is bound to the 
vitality of the cell. Since vit. A, probably 
through intercession of connective tissue, con- 
trols differentiation and longevity of the epi- 
thelium, it directly or indirectly secures main- 
tenance of tonofibrillar continuity. c) Kera- 
tinizing metaplasia, usually described as the 
main effect of vit. A deficiency, is a physio- 
logic condition in oral rat epithelium. How- 
ever, this keratinizing process is also disturbed 
in vit. A deficiency. Due to precocious decay 
of tonofibrils the surface layers are only 
slightly cohesive and very irregular in width. 

Summary. Biostructures of oral epithelium 
such as tonofibrils and basement membrane 
were ascertained in normal rats with the help 
of phase contrast microscopy. Vit. A de- 
ficiency effected in oral rat epithelium 1) 
aplasia of the basement membrane, 2) pre- 
cocious disintegration of the tonofibrils in the 
stratum spinosum, and 3) parakeratosis of the 
surface layer. 


1. Baume, L. J., J. Periodontol., 1953, v24, 63. 
2. Gersh, J., and Catchpole, H. R., Am. J. Anat., 


1949, v85, 457. 


3. Leitner, Z. A., Symposium on Vit. A, Brit. J. 
Nutir., 1951, v5, 130. 
4. Zernike, F., Physica, 1942, v9, 686. 


Received April 21, 1953. P.S.E.B.M., 1953, v83. 


Cooling of Embryonated Eggs to Produce an LD;, for Coccidioides immitis. 
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JosEPH R. GoopMAN, JOAN FOUNTAINE, AND JOHN VINCENT. 
(Introduced by Charles M. Carpenter.) 


From the Department of Investigative Medicine, Veterans Administration Hospital, 
Long Beach, Calif. 


In studying a chronic disease process, an in- 
vestigator is faced with the problem of choos- 
ing an objective criterion that is suitable for 
the evaluation of the progress of the disease or 
the effect of a therapeutic procedure. Pro- 
cedures that utilize the evaluation of the 
LDso are frequently used. However, agents 


that produce chronic diseases usually do not 
kill a large percentage of infected individuals 
in a relatively short period of time. There- 
fore, especially susceptible host species must 
be used or some other modifying procedure 
employed. Frequently physical agents such 
as X-ray(1) or chemical substances such as 
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cortisone(2) have been used to decrease the 
resistance of the host and thus improve the 
probability of a successful invasion by the in- 
fective agent. 


This laboratory has been studying Cocci- 
dioides immitis. This fungus when it dis- 
seminates in man produces clinical symptoms 
very similar to tuberculosis. It is highly in- 
fectious and can be established easily in ex- 
perimental animals. The degree of involve- 
ment, however, is highly variable between 
individual animals. For example, identical in- 
oculations of organisms into 10 rabbits of the 
same strain and age produced the following 
results: Two animals died of the infection in 
6 weeks; 3 were chronically ill for 4 months 
and longer; 3 remained apparently healthy 
but at autopsy showed numerous widely dis- 
seminated lesions; and 2 showed no symptoms 
and no lesions at autopsy. Guinea pigs were 
more consistent in establishing the infection 
but varied considerably as to survival and 
clinical state of the infection. Massive doses 
of as many as one million arthrospores seldom 
produced death in eggs when inoculated into 
the allantoic fluid, although the mycelial stage 
of the organism was frequently observed on the 
chorion-allantoic membrane. When such mas- 
sive doses do not cause death, an LD5o can be 
attained only by increasing the virulence of 
the invading organism, increasing the sus- 
ceptibility of the host, or by using another 
host. Chicken embryos are particularly de- 
sirable hosts as they.are generally initially 
sterile, are easily housed and maintained, 
create no diet problems, can be handled in sta- 
tistically significant numbers, and are rela- 
tively inexpensive. 

Methods. For these reasons it was decided 
to try to attenuate the chick embryos so that 
their resistance to the invading organism 
would be lowered and the LDs» thus attained. 
Although agents such as X-ray(1) and toxic 
chemicals(2) have been used, the simple pro- 
cedure of cooling the eggs on their 9th day 
of incubation was employed. Eggs that have 
been incubated 8 days can be left in the dis- 
connected incubator for 24 hours and still 
hatch without apparent ill effects on the 21st 
and 22nd day. The incubator in this labora- 
tory was so: located in the building that it 
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cooled in 24 hours to 22°-24°C, as indicated 
by a maximum-minimum thermometer. The. 
entire procedure consisted of incubating fer- 
tile eggs for 8 days at 38.5°C. After the 
viable eggs were allowed to cool to room tem- 
perature circa 26°-27°C, they were drilled, 
inoculated with Coccidioides immitis suspen- 
sions, and sealed. The Coccidioides immitis 
suspensions were harvested from mycelial 
growths that had developed arthrospores on 
Sabouraud dextrose agar. These slants were 
wetted with 5% glucose in saline solution. 
Great care was taken to minimize possible . 
chance infection of personnel. After adequate 
material had floated free, the fluid was trans- 
ferred to a sterile bottle containing glass 
beads. This was placed in a shaker to dis- 
perse the organisms further. This suspension 
was then tested for the number of viable 
spores by serially “diluting out” in liquid 
media and also by plating on Sabouraud dex- 
trose agar. These counts were used to calcu- 


late the number of viable organisms in the sus- 


pensions used for inoculation of the eggs. 
When the egg incubator had cooled to about 
room temperature the eggs were returned and 
allowed to remain in the closed incubator 
until the following morning. The incubator 
was then turned on and the eggs candled. 
The eggs were candled each morning and the 
number of survivals noted. To minimize the 
danger of infecting personnel, all surviving 
infected eggs were killed just before hatching. 

Results. Table I shows the number of 
cooled embryos that survived graded inocula- 
tions of Coccidioides immitis. LD5o dosage, 
calculated by the Reed-Muench formula(3), 
was 3500 spores, whereas 3 separate doses of 
1 x 10° spores each on 3 different days in 
embryos that were not cooled produced no sig- 
nificant fatalities. 

There were no significant fatalities of cooled 
embryos from the inoculation with autoclave- 
killed (14 hr-15 lb) suspensions of Cocci- 
dioides immitis. 

Conclusion. 1. It is clear that the cooling 
of chick embryos on the 9th day has made it 
possible for the invading organisms to increase 
their effectiveness in overcoming the host. 
This technic has the advantage of a flexible 
and easily controlled attenuating device. The 
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TABLE I. Survival of 8-Day Eggs, Cooled 24 Hours, Inoculated with 0.1 ce Suspensions of 
Coccidioides wmmitis. 


ed 


No. of 8- ~—— Days of survival in total age of embryo——, 
day eggs Dosage 10 11 12 13 14 15 16 
46 1 X 10° spores 45 12 5 1 0 0 0 0 
47 el Op 46 27 15 10 8 7 4 4 
47 ik Sak 46 4] 37 33 27 24 23 23 
47 ie aliOe 45 41 38 37 33 29 26 23 
45 0.1 ee 5% glucose in saline 44 42 41 40 40 38 38 38 


length of time and temperature of cooling can 
be chosen so that various degrees of suscepti- 
bility might possibly be attained if other in- 
vading hosts were to be used. 2. However, a 
word of caution is needed if chick embryos are 
to be used in a pseudo-quantitative manner 
to evaluate virulence or invasive capacity of 
an infective agent. Considerable variation on 
the hatchability or vigor of the embryos may 
occur from one region or one strain of chickens 
to another(4). Also nutritional factors of the 
mother hen, her age, and the phase of the egg 
laying season(5-8), all enter into the percent- 
age of eggs that will hatch; hence, reflect the 
possibility of inherited variation of the sus- 
ceptibility of the host. 
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Proteolytic Activity and Protein Catabolism of Rat Diaphragm in 


Hemorrhagic Shock.* 
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THEODORE B. ScHwartz.t (Introduced by Frank L. Engel.) 
From the Department of Medicine, Duke University School of Medicine, Durham, N. C. 


This work forms part of a study concerned 
with the biologic role of certain intracellular 
proteolytic enzymes. These peptidases, in- 
tensively and extensively studied by Berg- 
mann and associates(1), exhibit a high degree 
of specificity so that it has been possible to 
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measure accurately enzyme activity of highly 
inhomogenous preparations as a function of 
the rate at which, under standard conditions, 
a specific synthetic peptide substrate is hydro- 
lyzed. Thus, glycylglycinet (GG) is hydro- 
lyzed by a dipeptidase (GGase), present in 
many tissues, which has been shown by 
Smith(2,3) to be quite specific in its cleavage 
of this particular dipeptide. 

That a state of shock serves as a potent 
stimulus to protein catabolic processes ap- 
pears to be well documented. A review of 
these and other metabolic changes has been 
presented recently by Engel(4). The present 
investigation was undertaken to determine 
whether shock-induced acceleration of protein 
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breakdown would be demonstrable in isolated 
rat diaphragm. 

Materials and methods. After an 18-hour 
fast, adult male rats (Vanderbilt strain) were 
lightly anesthetized with Nembutal, 4 mg 
per 100 g body weight, and then bled from the 
cut tail. The bleeding was timed so that 3 to 
3.5% of body weight was withdrawn in the 
first hour, a procedure which rather uniformly 
induces shock(5). The state of shock was 
maintained for the subsequent 2 to 6 hours. 
Terminal blood samples were obtained from 
the abdominal aorta followed by removal of 
the diaphragm. Plasma amino acid concen- 
tration was determined by a modification of 
the photometric ninhydrin procedure of 
Moore and Stein(6) with leucine as a stand- 
ard. Throughout this investigation, control 
determinations on unbled animals were made 
concurrently with those on rats in hemorrhagic 
shock. 


Experimental. GGase activity was meas- 
ured in both extracted and surviving dia- 
phragm.’ ‘Aqueous extracts ‘of diaphragm were 
prepared by grinding the isolated diaphragm 
in a mortar with a known volume (2.2 to 3 
ml) of a medium(7) containing 103 mM of 
sodium chloride, 25 mM of sodium bicarbon- 
ate, 2.5 mM of calcium chloride, and 20 mM 
of sodium pyruvate. After centrifugation, the 
GGase activity of the clear supernatant solu- 
tion was determined by a photometric nin- 
hydrin technic(8). Dipeptidase activity of 
surviving diaphragm was measured by a pro- 
cedure(9) in which the increment of free gly- 
cine is determined following incubation of 
washed isolated diaphragm with an excess of 
‘GG in the incubating medium. GGase activ- 
ity, defined as »M of GG hydrolyzed per 


minute per g of diaphragm, was determined 


TABLE I. Effect of Hemorrhagic Shock on GGase 
Activity of Extracted and Surviving 
Rat Diaphragm. 


Extracted Surviving 
diaphragm diaphragm 
Control Shock Control Shock 
'GGase* activity 2.25 2.00 12 12 
S. E. 184 PRM .004 011 
No. of animals 3 3 22 3 


* GGase activity expressed as uM GG/ml of hy- 
drolysis mixture, hydrolyzed/min./g of diaphragm. 
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using a medium containing 42.8 »M/ml of 
GG and an incubation period of 15 minutes. 
As indicated in Table I, when compared with 
control values, there is no appreciable change 
in the GGase activity of either extracted or 
surviving diaphragm from rats in shock. 
Results reported below support the conclu- 
sion that the metabolic effects of shock are 
secondary to tissue hypoxia. Since in the pro- 
cedure for measuring GGase activity of sur- 
viving diaphragm(9), the incubated hemidia- 
phragm is repeatedly washed in media main- 
tained in an oxygen atmosphere for one hour 
prior to incubation with substrate, it was con- 
ceivable that the incubated tissue “recovered”’ 
from shock during the preliminary exposure 
to oxygen, and, consequently, dipeptidase ac- 
tivity was found to be normal. Therefore, the 
experiment was repeated with only a 15- 
minute preliminary washing period. Again, 
the difference between GGase activity of dia- 
phragms of 6 normal and 6 shocked animals 
was insignificant; the values obtained being 
0.13 + 0.021 and 0.09 + 0.041, respectively. 
In an effort to determine whether the pro- 
tein catabolic effect of hemorrhagic shock was, 
in fact, demonstrable im vitro, net protein 
catabolism of normal and shock rats was stud- 
ied. An amplification of a technic described 
by Kline(10) was used. Since, with this 
method, no exogenous substrate was added to 
the in vitro system, no specific proteolytic en- 
zyme activity could be determined. Instead, 
net amino acid accumulation, which, in mus- 
cle, is taken to be a measure of net protein 
catabolism was measured. The freshly re- 
moved diaphragm was wiped free of blood on 
saline saturated gauze, and bisected. The 
control hemidiaphragm, after being weighed 
on a torsion balance, was immediately placed 
in 1% picric acid solution. The remaining 
hemidiaphragm was weighed and then placed 
in 2.7 ml of the medium described above, con- 
tained in a 20 ml beaker which had already 
been equilibrated with the 95% oxygen-5% 
carbon dioxide atmosphere in a Dubnoff 
metabolic incubator. The incubation was 
continued for a known interval of time at 
37°C with shaking maintained at 90 cycles 
per minute. The hemidiaphragm was then 
removed, blotted on saline moistened gauze, 
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TABLE Il. Effect of Hemorrhagic Shock on Net Protein Catabolism of Rat Diaphragm Incubated 
Aerobically and Anaerobically for 2 Hr. 


Terminal 
Net protein De plasma 
Incubation Condition of ————Diaphragm——, Incubated catabolism — amino N, 
atmosphere animals Control Incubated medium (NPC) M mg % 
' --uM q-amino N per g diaphragm 
Oxygen Normal 86.34 .6t 17.6.5 3404172 1642.9 1532203 96.38 Ly 
(8) (10) (10) (8) (8) (10) 
Shocked 35.0 17.5 31.6 14.0 56 13.09 
(2) (2) (2) (2) (2) (2) 
Nitrogen Normal 387.44 .4 11.9+ 8 482+2.3 23.0 s:11 Pires (Obyi0 i aetemm | 245) 
(3) (3) (3) (3) (3) (3) 
Shocked 35.4 41.7 10:4 =F 2 » 49132 2.2 | 2403'Se 7 | 2 0 990m 
(3) (3) (3) (3) (3) (3) 
Oxygen Normal 36.2 + .5 148+ .6 383+ 6 169+ 8° 388.02 5.38 .29 
(7) (7) (7) (7) (7) (6) 
Serial transfers Shocked 36.8 + 9 114+ .8 406+1.0 15.2 22:3 28-02 13.9 = 1:29 
to fresh media (4) (4) (4) (4) (4) (4) 


Data above double line were obtained following uninterrupted incubation. The same procedure was 
followed to obtain the data placed below the double line except that incubated diaphragms were trans- 
ferred to fresh media every 15 min. of the first hr of incubation, 


M1) 


M, Incubated medium a-amino N 


Incubated diaphragm a-amino N 


+ Mean + stand. error. 


and placed in 7 ml of 1% picric acid. Two 
ml of incubated medium were diluted to 10 
ml with picric acid solution. The hemidia- 
phragms were finely ground and the resultant 
suspension sedimented by centrifugation. 
Non-protein a-amino nitrogen (AN) content 
was determined in the picric acid supernates 
of control hemidiaphragm, incubated hemidia- 
phragm and incubated medium by a photo- 
metric method(6). Leucine was selected for 
the preparation of standard curves and the 
values reported below represent, therefore, AN 
relative to the color yield of pure leucine. The 
sum of AN concentrations of incubated dia- 
phragm and medium minus the AN concen- 
tration of the control hemidiaphragm (all ex- 
pressed as »M AN per g diaphragm) is the 
AN concentration which accumulated during 
the time of incubation. This difference is re- 
ferred to as net protein catabolism (NPC). 
Factors affecting NPC have subsequently 
been evaluated in detail and will be the sub- 
ject of another report(11). 

NPC was estimated first during a 2-hour 
period of incubation. Results are presented 
in Table II. The state of shock is reflected 


t No. of animals, 


in the increased plasma AN concentration in 
the experimental group and this was a con- 
stant finding throughout the present study. 
Using the fwo-hour incubation period, it was 
apparent that NPC values of diaphragms from 
shocked animals were not appreciably different 
from those of unbled controls. This was true 
regardless of whether incubation took place 
in an oxygen or nitrogen atmosphere. 

However, in both -the normal and shocked 
state, the removal of oxygen from the incuba- 
tion atmosphere resulted in striking changes. 
Anoxia was accompanied by a highly signifi- 
cant increase in NPC. In addition, the AN 
content of the incubated diaphragm fell and 
that of the medium rose so that the ratio of 
the two determinations fell from 0.53 in oxy- 
gen atmosphere to 0.25 under nitrogen. 

Since it is held that all the metabolic con- 
comitants of shock are the sequelae of tissue 
hypoxia(4), the increased “leakage” of amino 
acids from the anaerobically incubated dia- 
phragm suggested that a similar change might 
occur aerobically in the shocked state. Ac- 
cordingly, the comparison between NPC val- 
ues of normal and shocked diaphragms main- 
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MEDIA CONTENT OF @-AMINO NITROGEN AFTER INCUBATION 
WITH DIAPHRAGMS OF NORMAL AND SHOCKED RATS 
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tained in oxygen was repeated. In this in- 
stance, however, the incubated diaphragms 
‘were transferred to fresh media every 15 
minutes for one hour followed by further 
uninterrupted incubation for the subsequent 
hour. Again, as recorded in Table II, there 
are only inconclusive differences between NPC 
values of normal and shocked tissue. 
An examination of the serial media, how- 
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ever, proved to be fruitful as shown in Fig. 1. 
During the first 4 transfer periods, signifi- 
cantly more AN was released from the 
shocked rat diaphragms than from the normal 
controls. During the second hour of incuba- 
tion, the reverse was observed so that the two 
effects cancelled each other over the total 
2-hour period, as indicated in Fig. 2. Here, 
increments in AN content in the medium are 
plotted in a cumulative fashion. The increase 
in AN released from the shocked rat dia- 
phragm remained consistently and _ signifi- 
cantly greater than that from the normal for 
the first hour. This increase fell off during 
the second hour so that, at the end of the 
2-hour period, the differences became in- 
significant. 

These findings led to the surmise that the 
determination of NPC after only one hour 
incubation might be profitable. The results, 
presented in Fig. 3, show clearly that under 
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FIG. 3. Hatched column on far left represents AN 
content of control diaphragms from normal ani- 
mals. Lower portion of second hatched column 
defines AN content of ineubated diaphragm. Added 
to this is the AN content (per g diaphragm) of 
incubated medium. Difference between the heights 
of these 2 columns is 5.9 + 0.02 uM/g diaphragm, 
the AN formed during incubation. Clear columns 
on the right are similarly charted. Black dots 
represent stand. errors. 
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these conditions, there is a relatively small but 
highly significant (p <0.01) increase in 
NPC in diaphragms from shocked rats as com- 
pared with normal controls. 


Discussion. There is convincing indirect 
evidence that increased protein breakdown in 
peripheral tissues is an integral part of the 
metabolic pattern found in hemorrhagic shock. 
Using the eviscerated rat, a preparation in 
which deamination of amino acids is negligi- 
ble, Russell, Long, and Engel(12) showed 
that the rate of accumulation of AN in the 
blood was considerably greater in bled than 
in unbled animals. In dogs subjected to 
massive hemorrhage, Kline(13) found that 
the plasma AN arteriovenous difference be- 
came negative across the leg. The present 
demonstration that, after one hour incubation, 
the net protein breakdown from diaphragms 
of shocked rats is significantly increased above 
normal provides direct im vitro confirmation 
of the im vivo observations. 


The report of Russell and Long(14) that 
the AN content of rat gastrocnemius was sig- 
nificantly increased following severe hemor- 
rhage was not corroborated with the proced- 
ures employed in the present investigation, 
with rat diaphragm (Table II). The reason 
for this discrepancy has not been elucidated, 
but it should be recalled that the level of in- 
tracellular AN in muscle is dependent on 
membrane integrity(7) as well as intracellular 
protein metabolism. The present study pro- 
vides clear-cut evidence of increased ‘“‘leak- 
age” of AN from diaphragms of shocked rats 
as well as increased protein breakdown in such 
tissues so that the “normal” AN content found 
may be the resultant of the 2 processes operat- 
ing concurrently. 

After the induction of hemorrhagic shock 
in the rat, its isolated diaphragm, in an oxygen 
atmosphere, behaves in a biphasic fashion 
with reference to release of AN; a period of 
relatively increased amino acid release, pre- 
sumably the result of abnormal permeability, 
is followed by a period of decreased amino 
acid transfer. Further, during exposure to 
oxygen, the increased net protein breakdown 
in shocked rat diaphragm found after one 
hour incubation is no longer demonstrable if 
the time of incubation is doubled. Both of 
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these observations may be interpreted as evi- 
dence of some degree of in vitro “recovery” 
from the shocked state. In view of the paral- 
lel metabolic effects of shock and anoxia, it 
does not seem unreasonable to attribute this. 
“recovery” to the presence of high concentra- 
tions of oxygen in the metabolic incubator. 
Again, somewhat analogous observations have 
been made in vivo. Kline(13) found that the 
outpouring of AN from the leg of the dog, in 
hemorrhagic shock, could be reversed by re- 
placing the blood previously removed. 


Since, under properly selected circum- 
stances, net protein catabolism of shocked rat 
diaphragm is enhanced, why are changes not 
discernible in specific peptidase activity? 
Various possibilities come to mind. First, it 
may be that shifts in the dynamic state which 
maintains protein mass are produced by 
changes in the rate of synthesis alone, without 
significant alteration in the rate of protein 
breakdown. Second, the highly specific di- 
peptidase chosen for study may not be repre- 
sentative of the many proteolytic enzymes. 
which undoubtedly are involved in the cata- 
bolic process. Third, the negative nitrogen 
balance which occurs in shock could be pro- 
voked by relatively small increases in pep- 
tidase activity. Perhaps the presently avail- 
able technics are simply too insensitive to 
reveal changes of this magnitude, although 
significant alterations have been produced (15) 
in GGase activity of surviving diaphragm 
following parenteral administration of an ac- 
tivator (cobalt) and inhibitor (cysteine) to 
rats. 


Summary. The induction of hemorrhagic 
shock in the rat is accompanied by 1) no 
change in dipeptidase activity of extracted or 
surviving diaphragm; and 2) a significant 
increase in net protein catabolism of surviving 
diaphragm. Evidence is presented indicating 
that isolated diaphragms from shocked ani- 
mals undergo some degree of “recovery” when 
exposed to an oxygen atmosphere. 


The assistance of Mrs. Catherine C. Towbin is. 
gratefully acknowledged. 


1. Bergmann, M., Adv. Enzymol., 1942, v2, 49. 
2. Smith, E. L., J. Biol. Chem., 1948, v173, 571. 
‘3. , J. Biol. Chem., 1948, v176, 21. 


OXIDATION OF GLUTAMATE IN HEART 


4. Engel; F.1., Ann. N: Y. Acad. Sci., 1952, v55, 
381. 

5. Engel, F. L., Winton, M. G., and Long, C. N. H., 
J. Exp. Med., 1943, v77, 397. 

6. Moore, S., and Stein, W. H., J. Biol. Chem., 
1948, v176, 367. 

7. Christensen, H. N., and Streicher, J. A., Arch. 
Biochem., 1949, v23, 96. 

8. Schwartz, T. B., and Engel, F. L., J. Biol. Chem. 
1950, v184, 197. 

9. Schwartz, T. B., Engel, F. L., and Towbin, 
C. C., J.-Biol. Chem., 1952, v197, 381. 


’ 


Oxidation of L-Glutamic Acid by ‘Rat Heart.* 


367 


10. Kline, D. L., Endocrinology, 1950, v45, 596. 

11. Schwartz, T. B., and Robertson, M. C., in 
manuscript. 

12% Russell} “J. “As, Long, GC, N. E.jand: Engel, 
F.L., J. Exp. Med., 1944, v79, 1. 

13. Kline, D. L., Am. J. Physiol., 1946, v146, 654. 

14. Russell, J. A., and Long, C. N. H., Am. J. 
Physiol., 1946, v147, 175. 

15. Schwartz, T. B., J. Biol. Chem., in press. 


Received May 4, 1953. Pi Bai OSS mnvoor 


(20361) 


JORGE AWAPARA. 


From the University of Texas M. D. Anderson Hospital for Cancer Research, Houston, Texas. 


Glutamic acid is known to be oxidized in 
tissues other than the liver and kidney and the 
enzymes responsible for its oxidation are 
known in a number of instances. Weil- 
Malherbe(1) for example observed that brain 
was able to oxidize glutamic acid. Dewan(2) 
isolated the enzyme and established its re- 
quirements. Independently from Dewan, von 
Euler and associates(3-5) made similar ob- 
servations and reported an exhaustive study 
on glutamic dehydrogenase. In a large num- 
ber of tissues, however, glutamic dehydro- 
genase exists in very low concentrations and 
could not account for the rapid utilization of 
glutamic acid. In heart muscle the glutamic 
dehydrogenase activity is very low or non- 
existent(6), but glutamic acid is well utilized 
by homogenates of this organ, when fortified 
with ATP and coenzyme I. The results re- 
ported here clearly indicate that glutamic acid 
is oxidized only after transaminating with ox- 
alacetic acid; the resulting a-ketoglutaric acid 
is then oxidized by way of the Krebs’ cycle. 

Methods. Male rats of the Sprague-Dawley 
strain and weighing approximately 250 g were 
used in all the experiments. The animals were 


* This work was supported by a grant from the 
National Cancer Institute of the National Institutes 
of Health, Public Health Service, and by American 
Cancer Society. Partly presented at meeting of 
Fed. Am. Soc. for Exp. Biol., Chicago, Apr. 1953. 


sacrificed by decapitation, blood was drained. 
off as much as possible, the heart removed and 
placed on a Petri dish resting over cracked ice. 
The muscle was freed of connective tissue and 
blood, then weighed and homogenized in a 
Potter homogenizer with ice cold isotonic KCl 
solution. The final concentration of the homo- 
genate was 10%. In all experiments, 0.5 ml 
of the 1:10 homogenate was used in a final 
volume of 3 ml. The composition of the me-- 
dium was identical to that given by Potter, 
Pardee, and Lyle(7) for the oxalacetic acid 
system, except that 500 y of DPN were added 
in our experiments. The substrate concentra-- 
tion was 20 »M per flask unless stated other- 
wise. Oxygen uptake was measured by con- 
ventional Warburg methods at 38°C with air 
as the gas phase. Ammonia was determined in 
the deproteinized medium by distillation and 
nesslerization of the distillate. Aspartic acid 
and glutamic acid were determined by quanti- 


TABLE I. Oxidations in Heart Homogenates. 


—O, uptake———_, 


Substrate (20/flask) 15m 30m 60m 
No substrate 42 42 43 
Glutamate 100 208 400 
Suecinate 60 120 219 
a-Ketoglutarate 91 195 369 
Oxalacetate 150 296 395: 
Citrate 42 46 54 
Fumarate 80 160 273 
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TABLE II. Oxidation of L-Glutamice Acid by 
Heart Homogenates. 


Added (final conc.) 


Substrate ATP DPN  O,uptake in 1 hr 
No substrate .001 M 30 ( 26- 36) ** 
Glutamate ti 80 ( 36- 90) * 
No substrate 300 58 ( 50- 64) * 
Glutamate iw 56 ( 48- 62)” 
No substrate # vi 45 ( 40- 46) # 
Glutamate “ ss 385 (350-420) § 


* No. of determinations. 


TABLE III. Formation of Aspartic Acid from 
Glutamic Acid in Heart Homogenate. 
5 experiments. 


Aspartic acid formed, .M 


O, uptake, wM Theory Observed 
8.4 5.6 6.0 
9.5 6.3 6.6 
9.6 6.4 5.8 
8.5 5.7 7.0 
6.7 4.1 D. 


tative paper chromatography(8). The L-glu- 
tamic acid was obtained commercially and it 
was used as such. 


Results. The ability of the heart homo- 
genate to oxidize various intermediates of the 
Krebs’ cycle was first established. The results 
are shown in Table I. With the notable ex- 
ception of citrate all other components are 
utilized actively, including glutamic acid. 
Ammonia did not increase after the oxidation 
of glutamate, thus ruling out the possibility 
that glutamic dehydrogenase was involved. 
Furthermore, the addition of semicarbazide 
inhibited the oxidation of glutamate com- 
pletely. In Table II are shown data obtained 
from several experiments. Glutamate was 
oxidized only when both ATP and DPN were 
added. The exclusion of either component re- 
sulted in a complete failure of the homogenate 
to oxidize glutamic acid. The concentration 
of ammonia was found to remain unchanged 
in all the experiments. Analyses of the reac- 
tion products by paper chromatography re- 
vealed that whenever glutamic acid was oxi- 
dized a substantial amount of aspartic acid 
was formed. The aspartic acid formed after 
the oxidation of glutamic acid was determined 
quantitatively and the results of several ex- 
periments are shown in Table III. 

Few experiments were carried out to deter- 
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mine the effect of sodium monofluoroacetate 
on the oxidation of glutamate. Fluoroacetate 
is assumed to react with oxalacetic acid to 
form fluorocitrate. In the presence of fluoro- 
acetate, the oxidation of glutamate was in- 
hibited nearly completely. The inhibition, 
however, could be lifted by the addition of 
fumarate or malate. 

Discussion. As far back as 1930, Need- 
ham(9) had observed that glutamate was 
oxidized by minced frog muscle to yield suc- 
cinate without a concomitant reduction of 
amino groups in the system. Undoubtedly 
she was dealing with a transamination reac- 
tion. A similar type of oxidation has been 
described for aspartic acid by Nakada and 
Weinhouse(10). They used washed liver par- 
ticles and observed that rapid utilization oc- 
curred. In the present study, a transamina- 
tion is also responsible for the deamination of 
glutamic acid. There is probably sufficient 
oxalacetic acid present in the tissue at the 
start, which can and does transaminate with 
the added glutamate. The resulting a-keto- 
glutaric acid can be oxidized and yield more 
oxalacetic acid. This is probably the case 
since aspartic acid can be found in quantities 
which correspond closely to the theoretical 
amounts as calculated from the oxygen up- 
take. The inhibition by fluoroacetate could 
be interpreted as a removal of the oxalacetic 
acid by the inhibitor. In a recent paper, the 
author demonstrated that the injection of non- 
lethal doses of fluoroacetate resulted in a> 
diminution of the concentration of free glu- 
tamic and aspartic acids in the heart(11). 
The present results and those obtained in 
vivo, however, are not comparable. The ani- 
mal has other sources of keto-acids and there 
is always the added complication that blood 
can remove excess metabolites. 


Summary. Glutamic acid was found to be 
oxidized by heart homogenates, by a mech- 
anism involving transamination with oxal- 
acetic acid and subsequent oxidation of the 
resulting a-ketoglutaric acid by way of the 
Krebs’ cycle. 


The author wishes to acknowledge the technical 
assistance of Mrs. Billie Seale. 
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In a previous report(1) it was shown that 
following the intravenous administration of 
amethopterin (4-amino-N?°-methyl-pteroyl- 
glutamic acid) to normal mice in a single dose 
of 0.5 mg/kg, the greater part of the com- 
pound was rapidly excreted or metabolized 
within approximately 4 hours. The remainder 
was found to be concentrated mainly in those 
tissues (liver and kidneys) which have been 
reported(2) as containing relatively high con- 
centrations of folic acid and citrovorum factor. 

As a consequence of this observation it was 
of interest to-determine the persistence of the 
antimetabolite in various tissues after the ad- 
ministration of amethopterin, by various assay 
schemes, and furthermore to establish the 
identity of the anti-metabolite. 


Materials and methods. The mice used in 
this experiment were of the inbred AkR stock, 
weighing approximately 20 g. All were young 
mice of approximately the same age. Groups 


* This investigation was supported by a research 
erant from the National Cancer Institute, of the 
National Institutes of Health, Public Health Service, 
by an institutional grant from the American Cancer 
Society, and by funds from the Damon Runyon 
Memorial Fund for Cancer Research, the Lasker 
Foundation and the Grant Foundation. 

+ Visiting Research Fellow of the British Empire 
Cancer Campaign and the American ‘Cancer Society. 

t Research Fellow of the National Cancer Institute. 


of mice of different sexes were used. Previous 
to and throughout the experiment the mice 
were fed the standard Purina Laboratory 
Chow diet. For convenience of description: 
the mice used in this study are divided into 6. 
groups based on the administration of ametho-- 
pterin. Group I (31 mice) received ametho- 
pterin intraperitoneally at a dose of 3 mg/kg 
on alternate days for a total of 3 injections. 
Group II (18 mice) received 1 mg/kg on the 
above schedule. Group IJI (10 mice) re- 
ceived a single intraperitoneal injection of 3 
mg/kg, and Group IV (12 mice) was given 
1 mg/kg intravenously on alternate days for 
3 injections. Group V (18 mice) was given 
amethopterin as for Group I. Seventy-two 
hours after the last injection 2 mice were sac- 
rificed, and thereafter at daily intervals all the 
remaining mice were given citrovorum factor 
(CF)§ intraperitoneally at doses ranging from 
0.25 to 30.0 mg/kg. Mice were sacrificed 
daily 24 hours after last injection of CF. The 
procedures. employed in obtaining and _pre- 
paring tissues for assay were those previously 
reported(1) and the assay procedure was that 
of Burchenal e¢ al.(3). 

Group VI. For purposes of identification 


§Leucovorin (Lederle) supplied through the 
kindness of Dr. James Ruegsegger, Lederle Labora- 
tory Division American Cyanamid Co., Pearl River, 
NBS 
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TABLE I. Concentration of Amethopterin (my/g) in the Liver, Kidneys, Spleen and Lungs of Mice 


over a 3 Week Period. be 
eS 


Days after last inj. 


Group i 2 3 4 7 10 12 14 ily 21 
i I 338(3) 345(4) 410(8) 305(3) 384(2) —  482(2) 427(2) 268(2) 426(3) 
eae) II ok at ce at 408(2) 275(2) 482(1) 410(3) —  375(2) 
III 332(2) 315(2) — HOGS) BaWGD) cael) — 3815(1) — 284(2) 
IV 280(2) — 412(2) — —  340(1) 350(1) 387(1) 261(1)_ 320(1) 
Kid I 430(1) 453(2) 405(2) 480(1) 279(2) —= $827(2) 283(2) 218(@)) 238i) 
cae qe hos re A ie 331(2) 260(1) — 212(2) —  101(2) 
Ite 290(1) 219(1) 231(1) —  156(1) —  126(2) 
IV — —- = —285/(2) 380.) 222618) 
‘Spleen i 0(1) 219(2) 140(1) 0(1) 0(2) —- 0(2) 0(2) 0(2) 420(1) 
(my/g) 0(1) 0(2) 
imi 0(2) _— 0(2) -— 0(2) 0(1) — 0(3) — 0(2) 
Ie -- _ — 0(1) 0(1 0(1) —_— 0(1) — 0(1) 
IV — — 0(2) 630(1) 0(1) 
Lungs it 240(1) 80(2) 0(2) 0(1) 0(2) — 0(2) 0(2) 0(2) 150(1) 
(my/g) 0(2) 
iat 150(1) -—— 0(2) —- 0(2) 0(1) —- 0(3) — 0(2) 
0(1) - 

= — — od ve! 0(1 _ el — 0 

iv = oa = ae ; - Se eee 475(1) 0(1) 
Group I. Amethopterin 3 mg/kg X 3 ip. alternate days. Group II. 1 mg/kg X 3 ip. alternate days. 


‘Group III. 3 mg/kg i.p. single inj. Group IV. 1 mg/kg X 3 intray. alternate days. 


of the inhibitory substance in the liver, a 
series of mice was injected intraperitoneally 
with amethopterin at a dose of 3 mg/kg. 
‘These animals were sacrificed at 1% hour in- 
tervals up to 3 hours, then at 4, 5, 7, 17, 24, 
48, 70 hours, 4, 8, and 14 days. Other 
mice not in this series were tested up to 8 
months after injection. The liver was re- 
moved from each animal and treated as pre- 
viously mentioned, after which the super- 
natant was concentrated in vacuo to approxi- 
mately one ml. As controls for this experi- 
ment homogenates of 4 normal livers were 
prepared. Amethopterin (0.5 y/g) was added 
to the first preparation, methopterin, N?°- 
methyl-PGA, (2 y/g) to the second, amino- 
pterin, 4-amino-PGA (1 y/g) to the third, 
and to the fourth control was added a single 
preparation containing the 3 folic acid an- 
tagonists in the concentrations given above. 
‘These controls were boiled, clarified, and con- 
centrated like the test samples. 10 pl of the 
liver concentrates were placed on Eaton- 
Dikeman No. 613 paper strips; these strips 
were developed for 6-68 hours in 3 different 
solvent systems.|| After the strips were re- 
moved and air dried they were placed on large 
pyrex plates which contained Difco Folic 


Acid Assay agar plus PGA at 0.5 my/ml seed- 
ed with S. faecalis (ATCC 8043). The bioauto- 
graphs of the inhibition zones were observed 
after an incubation of 16 hours. 

Results. Table I shows the concentration 
of amethopterin in my/g of wet tissue in the 
organs of mice in Groups I-IV. Throughout 
the 21-day period mice in all groups showed 
the presence of amethopterin in the kidneys 
and liver. The levels remained remarkably con- 
stant, and the size of the dose bore no rela- 
tionship to the amethopterin concentration. 
Similar results have been observed previously 
(1) following a single intravenous injection of 
0.5 mg/kg and also in these experiments with 
a single dose of 20 mg/kg. 

The serum was of interest in that ametho- 
pterin was detectable in all groups throughout 
the time of the experiments. The serum levels 
of Group I mice are shown in Fig. 1A, and 
similar levels were detected in Groups II-IV. 

The serum level of amethopterin rose to 
significantly higher levels following the ad- 


| 1% KaHPO, aqueous(4) 
5% NaCitrate and iso-amyl alcohol(4) 
70% Iso-propanol, 10% NH,OH, 20% distilled 
water. The paper strips were also buffered 
with 0.08 M NagHPO,. 
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FIG. 1. Concentration of amethopterin in the serum, liver and kidneys of two groups of mice. 


(A) Amethopterin 3 mg/kg X 3 i.p., alternate days. 


(B) As for (A), followed by daily i.p. 


inj. of citrovorum factor, 


ministration of CF.(Fig. 1B). In order to 
be assured that the serum was relatively free 
of CF, it was not tested for amethopterin in 
the majority of instances until 24 hours fol- 
lowing the injection of CF. The actual 
amount of CF administered did not appear to 
bear any relationship to the height of the 
amethopterin serum level. 

It has been possible to identify the anti- 
metabolite which persisted in the mouse liver 
and follow its course in a series of mice (Group 
VI). A bioautograph of a series of liver sam- 
ples and of the clinical amethopterin (paren- 
teral preparation) is presented in Fig. 2. 
Strip No. 1 shows the separation of amino- 
pterin, methopterin and amethopterin, Strip 
No. 2 represents the particular sample of clin- 
ical amethopterin{ that was injected into this 
series of mice. In the liver concentrates 
aminopterin was not detected after one hour 
and methopterin was present at 7 hours but 
not at 17 hours. It is possible that these 2 
antifolics were excreted, but it is also possible 
that they cannot be detected because folic 
acid and CF have approximately the same Rf 
values as aminopterin and methopterin re- 


{| Lederle Lot No. 7-8528. 


spectively. Amethopterin was detectable after 
14 days, and in another series it could be 
identified by chromatography and _ bioautog- 
raphy after 8 months. 

Identification of amethopterin in a liver 
taken 24 hours after injection is demon- 
strated in Fig. 3. Strip 1 shows the 3 spots 
representing aminopterin, methopterin, and 
amethopterin seen when these compounds were 
added to normal liver. Strip 2 shows the 
single spot found in liver of a mouse 24 hours 
after injection of amethopterin. When ametho- 
pterin was added to this liver preparation, 
only one spot was noted (Strip 3) but when 
methopterin (Strip 4) or aminopterin (Strip 
5) was added a second spot appeared in addi- 
tion to the original one representing ametho- 
pterin. Similar results have been obtained in 
the iso-amyl alcohol and K,HPO, systems. 

Discussion. The finding of 3 components 
in the amethopterin preparations complicates 
any metabolic study, but we have attempted 
to consider only the amethopterin content of 
tissues since neither of the other 2 components 
was detectable after 17 hours. 

It has been noted that in normal volunteers 
(3) and in leukemic patients(5,6) variable 
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range used in these experiments the mouse 
could rapidly eliminate within 24 hours all 
the amethopterin in excess of a threshold 
amount which is retained in the liver and 
kidneys. The effects of very large doses of 
amethopterin on tissue retention were not 
studied, as it was considered desirable to keep 
the dosage below the range which produces 
toxic manifestations(7) and within the chemo- 
therapeutic range(8). 

Although small quantities of amethopterin 
were found to be frequently present in the 
serum, there was little indication that any 
was being metabolized or excreted after the 
first 48 hours. Urine samples taken on sev- 
eral occasions at the time of sacrificing failed 
to show the presence of ameéthopterin. 

In keeping with the hypothesis that anti- 
metabolites function by excluding a structur- 


INCHES 
=<START ct 2 5 4 5 6 TH SS 9 


METHOPTERIN 


AMINOPTERIN AMETHOPTERIN 


gi Re 6 
FIG. 2. Bioautographs of strips from alkaline 
iso-propanol system on S. faecalis (8043). 

Strip 1. 10 ul of control liver concentrate which 
contained amethopterin, methopterin, 
and aminopterin (see text). 
100 my of amethopterin, Lederle Lot 
No. 7-8528. 
10 yl of liver concentrates following administration 

of amethopterin (3 mg/kg). 
Strip 3. After 1 hr 
9 


Strip 2. 


4. 2 
5. 7 
6. 48 
le 4 days 
8. 8 
9, 14 
10 8 mo 


amounts of amethopterin or aminopterin can- 
not be accounted for by renal excretion alone. 

It was evident from the experiments re- 
ported here that a relatively high concentra- 
tion of amethopterin persists in tissues of the 
normal mouse for a period of 3 weeks and in 
one instance as long as 8 months in the liver. 
Moreover, it appeared that within the dosage 


oy @— 
=) @® @ 
=.__o__@_ 


FIG. 3. Bioautographs of strips from alkaline 
iso-propanol system on S. faecalis (8048). 


Strip 1. 10 yl nih.* + 0.5 y/g amethopterin 
(control). 

15 yl nh. + 2 y/g methopterin (con- 
trol). 

10 wl nih. +1 y/g aminopterin (con- 
trol). 

Strip 2. 10 wl le.* 24 hr after inj. of amethop- 
terin (3 mg/kg). 

Strip 3. 10 yl le. 24 hr after inj. of amethop- 
terin (3 mg/kg) + 10 ul amethopterin 
control. 

Strip 4. 10 wl le. 24 hr after inj. of amethop- 
terin (3 mg/kg) + 15 yl methopterin 
control. 

Strip 5. 10 wl Le. 24 hr after inj. of amethop- 


terin (3 mg/kg) + 10 ul aminopterin 
control. 


*n.h.—= normal liver homogenate; 1.c. = liver 
concentrate. 
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ally related metabolite from combination with 
its enzyme(9) and thus preventing the forma- 
tion of an enzyme substrate complex, it is 
probable that the amethopterin retained for 
such long periods of time is incorporated up 
to a relatively constant concentration in en- 
zymes ordinarily associated with folic acid and 
CF, and any excess is rapidly excreted. 

Summary. 1, Amethopterin given parenter- 
ally in various doses to normal mice resulted 
in the retention of a more or less constant 
amount of amethopterin in the liver for a 
period of at least 3 weeks. A decrease in the 
kidney concentration of amethopterin was 
noted. 2. CF at doses ranging from 0.5 to 30 
mg/kg intraperitoneally failed to have any 
detectable effect 24 hours later on the concen- 
tration of amethopterin in the liver and kid- 
neys, but caused a significant rise in the serum 
level of amethopterin. 3. The inhibitory sub- 
stance present in the mouse liver 24 hours to 
14 days after the administration of ametho- 
pterin has the same Rf value as amethopterin 
in 3 different solvent systems, and is therefore 
considered to be amethopterin. 


We wish to acknowledge the technical assistance 
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of Mrs. Elizabeth Robinson Hollands and the valu- 
able assistance of Mr. V. M. Doctor in the chroma- 
tographic differentiation of amethopterin and methop- 
terin. 
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Several methods are available for the quan- 
titative measurement of hyaluronic acid. The 
material can be precipitated, purified, dried 
and weighed. The viscosity of its aqueous 
solutions can be measured, although this 
property varies, depending upon the amount 
of depolymerization that occurs during isola- 
tion and purification(1). The observation 
that hyaluronic acid forms an insoluble com- 
plex with protein at or near pH 4.0 led to the 
development of the turbidimetric test for 
hyaluronic acid(2). Although this technique 


* This work was supported in part by a grant from 
the U. S. Public Health Service. 


has been widely employed and is currently 
used (with or without modification) for the 
measurement of hyaluronidase activity(3-6), 
the necessity for measuring the optical density 
of a suspension in which turbidity is increas- 
ing with time is a limitation. Under test 
conditions ordinarily employed _ turbidity 
formation proceeds rapidly at first and then 
at a decreasing rate for 10 to 20 minutes. The 
time elapsing between the addition of the 
reagents and the measurement of optical 
density must therefore be carefully controlled. 
Furthermore, when large amounts of poly- 
saccharide are present flocculation may occur. 
The optical density then increases at first 
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but soon decreases as the floccules begin to 
settle to the bottom of the tube. Greif (6) 
has introduced a colorimetric method for 
hyaluronic acid which overcomes some of the 
difficulties. In his procedure, outdated blood 
bank plasma proteins are coupled to the 
indicator dye, bromsulfalein. When precipi- 
tation with polysaccharide occurs the dye is 
carried down in tthe protein-polysaccharide 
complex. After centrifugation the complex 
is dissolved in a standard volume of weak 
alkali. This releases the dye which then im- 
parts to the alkaline solution a stable color 
that is proportional to polysaccharide concen- 
tration over a range of 0.1 to 0.2 mg. 

The present report describes a simple colori- 
metric procedure for the determination of hy- 
aluronic ‘acid based on the co-precipitation of 
hyaluronic acid and hemoglobin. It is sensi- 
tive, accurate, and employs readily reproduci- 
ble reagents. 

Methods. Reagents. (a) 2M sodium ace- 
tate-glacial acetic acid buffer, pH 3.8. (b) 
Hemoglobin solution. This is prepared as 
follows: twenty-five ml of fresh sheep blood 
is centrifuged and the sedimented cells are 
washed three times with three volumes of 
0.85% ‘saline. The packed cells from the 
final centrifugation are suspended and laked 
in 50 ml of distilled water. After the addition 
of 2 ml of 25% aqueous sodium chloride, the 
erythrocyte stromata are removed by centri- 
fugation at 8000 rpm for 30 minutes. The 
clear supernatant solution is then diluted with 
100 ml of distilled water containing sufficient 
merthiolate to give a final concentration of 
0.01%. Solutions thus prepared, if stored 
at 5°C, will give closely reproducible values 
in determination of hyaluronic acid for at 
least 3 weeks. Substrate. Streptococcal hy- 
aluronic acid was prepared by the method of 
Harris and Harris(7). 

Procedure. The test system consists of ithe 
following: 2 ml hemoglobin solution in 
distilled water; 0.5 ml sample; 0.5 ml 
distilled water; 2 ml 2M acetate, pH 3.8, 
listed in the order of addition of the solutions. 
The tubes (15 cm long x 11 mm O.D.) are 
allowed to stand in a refrigerated water bath 
at 5 to 10°C for one hour while precipitation 
is completed. The color of the mixtures 
changes gradually from red to brown as the 


TABLE I. Hyaluronic Acid Recovery Tests. 
eee a ea Se ee ee ee 


Added Found Recovered Max deviation 
/ mg = sy 
ailal@) silaiss 110 + .002 
.110 alls) 5s) 

.110 134 109 
110 niles) 110 
440 A454 429 + 011 
.440 463 .438 
440 454 429 
-440 463 -438 


Above amounts of purified hyaluronic acid were 
added to 0.5 ml aliquots of a culture supernate 
containing 0.05 mg hyaluronie acid/ml. 


hemoglobin is oxidized to methemoglobin. 
After centrifugation at 5-10°C for 15 minutes 
at 2700 rpm on a horizontal head, the super- 
nates are poured off and the tubes drained 
10 minutes in an inverted position. Excess 
fluid is removed from the rims with absorbent 
tissue. Five ml of distilled water and 2 drops 
of approximately 6 N NaOH are added and 
after ‘the precipitates are redissolved with the 
aid of a glass stirring rod, approximately 0.02 
g of crystalline sodium cyanide is added to 
each tube. The red color which develops has 
light absorption peaks at 420 and 545 u. 
This suggests a similarity to or identity with 
ferriheme cyanide(8). Optical density is 
estimated on a Lumetron photoelectric colori- 
meter using a 550 yp filter having a 30 p 
band width. Intensity of the color is maximal 
after 10 minutes and remains unchanged for 
at least one hour. 


Preliminary trials to determine the optimal 
acidity for precipitation indicated that any 
pH between 3.5 and 4.2 would be equally 
suitable. The high molarity of the acetate 
did not interfere with precipitation and served 
to control effectively any changes in hydrogen 
ion concentration in the reaction system 
caused by the introduction of samples of 
different pH. Alkali and cyanide do not have 
to be measured with a high degree of accuracy. 
Considerable variation in the concentrations 


of these materials can occur without an ap- 


parent effect on the intensity of color de- 
veloped with a given amount of hyaluronic 
acid. The results of recovery tests to de- 
termine the accuracy of the method are in- 
cluded in Table I. 


For precise work a new standard curve 
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should be prepared at biweekly intervals and 
a standard solution of hyaluronic acid should 
be included in each determination as a re- 
agent control. 

Discussion. The procedure for determining 
hyaluronic acid described above has been 
found to offer a number of advantages not 
found in previously described methods. The 
reagents employed are easily prepared and 
readily reproducible. The hemoglobin solu- 
tion can be standardized colorimetrically. The 
error is small, and a large number of tests 
can be carried out without the necessity for 
careful timing. Furthermore, when it is neces- 
sary to measure hyaluronic acid in broth 
culture supernates, the color of the medium 
does not interfere. A large series of heart 
infusion broth media, modified in various 
ways by the addition of sugars, buffers and 
growth factors, gave essentially identical blank 
readings whereas considerable variation would 
have been found if a ‘turbimetric system had 
been employed. 

A possible variable of the bromsulfalein 
method not present in the hemoglobin technic 
is the molar ratio of chromogenic substance 
(bromsulfalein) to protein. For good repro- 
ducibility this relationship must be constant. 
The molar ratio of heme to globin in native 
hemoglobin is a constant and thus fulfills this 
requirement. The accuracy and sensitivity of 
the method can readily be deduced from Fig. 
1 which presents a standard curve with strep- 
tococcal capsular material. Color develop- 
ment follows Beer’s Law closely over a range 
of 0.1 to 0.5 mg of polysaccharide. This gives 
a greater range of maximal accuracy than 
that found in either the turbidimetric or brom- 
sulfalein procedures. Day to day reproduci- 
bility is improved by carrying out precipita- 
tion and centrifugation at a standard temper- 
ature. 

Summary. A new colorimetric method for 
the determination of hyaluronic acid is de- 
scribed, based upon precipitation of acid poly- 
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saccharide with hemoglobin at pH 3.8 and 
conversion of the prosthetic group of the pre- 
cipitated protein to ferriheme cyanide. The 
color of this derivative is determined photo- 
electrically and the value for hyaluronic acid 
obtained by reference to a standard curve 
prepared with known material. 
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Influence of Cortisone on the Toxicity of Nitrogen Mustard in Rats. (20364) 


Loutsr A. Hutcuinson,* Goutp A. ANDREWS, AND RALPH M. KNISELEY. 


From the Medical Division, Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tenn., under 
contract with the U. S. Atomic Energy Commission. 


Cortisone and nitrogen mustard are some- 
times combined in the therapy of lymphomas, 
leukemias, and other neoplastic conditions. 
There is relatively little information available 
on the combined effects of these 2 drugs. 
Nitrogen mustard and radiation are recog- 
nized to produce similar effects(1). A num- 
ber of reports have been published on the 
action of cortisone on modifying the effects of 
total body irradiation. It has been reported 
that only 31% of mice receiving irradiation 
during cortisone administration survived, 
whereas there was 100% survival with either 
irradiation or cortisone alone(2), and a less 
pronounced but similar increase in mortality 
was noted in another laboratory in which 
cortisone was started immediately after ir- 
radiation(3). Thiersch(4) reports a delay in 
bone marrow regeneration in irradiated rats 
treated with cortisone. However, Mirand 
et al.(5) using mice found that cortisone af- 
forded protection against radiation effects. 
Alpert, Zimmerman, and. Scheer(6) making 
observations on combined therapy of malig- 
nant disease in humans observed that patients 
who failed to respond to either cortisone or 
nitrogen mustard alone, would not respond to 
the. combination. However, their experience 
suggested that cortisone had some protective 
effect against the leucopenia resulting from 
mustard. In a discussion of the above work, 
Schoenback(7) observed that in experiments 
on mice he had not noted any reduction in the 
toxicity of mustard when used with ACTH or 
cortisone. 

The following experiment was performed to 
observe the effects of cortisone on the LD;o 
(5-7 days) of HNg in rats. 

Materials and methods. A pilot experiment 
showed that the LD) dose of HN» adminis- 


* Present address: Department of Internal Medi- 
cine, Tulane University Medical School, New Orleans, 
La. Work done at Oak Ridge under Resident 
Physician contract. 


tered subcutaneously was 1.2 mg/kg for male 
Wistar rats 5 months old and weighing 300- 
400 g. In the subsequent experiment a total 
of 60 rats were used. Two groups of 20 ani- 
mals were started on cortisone 5 mg _ sub- 
cutaneously daily and a third group of 20 was 
started on control injections of .2 cc distilled 
H;O subcutaneously. On the third day an 
LD; dose of HN» was given to one group of 
20 rats receiving cortisone and the group re- 
ceiving control injections. The third group 
received only cortisone. All animals were ob- 
served for a period of 7 days following ad- 
ministration of the mustard, and during this 
time the daily cortisone and control injections 
were continued. A second experiment dupli- 
cating the conditions of the first was set up for 
the purpose of obtaining histological and bone 
marrow specimens. Animals were sacrificed 
on the second, fourth, fifth, seventh, and 
ninth days after injection of HNe. Histologic 
sections of adrenal, spleen, and bone marrow 
were prepared. Smears of bone marrow were 
also made. The adrenals and spleen were 
weighed. In addition to these studies on sacri- 
ficed animals, similar information was ob- 
tained on some of those that died in both 
series. 


Results. Table I gives the results of the 
mortality study. It shows no striking effect 
of the cortisone in either enhancing or pro- 
tecting against HN» toxicity. 

In the second experiment which was set up 
for the purpose of obtaining histologic data, 
the spontaneous death rate in the group of 
animals receiving nitrogen mustard alone was 
higher (13 animals) than in the group on HN» 
plus cortisone (8 animals). Because animals 
were being sacrificed at random in these 
groups, no effort was made to interpret this 
observation. 

Bone marrow studies showed pronounced 
destruction on the second day and extensive 
depletion by the fourth day in Groups I and 


NITROGEN Mustarp Toxicity witH CoRTISONE 


TABLE I. Effect of Cortisone in Rats Given an 
LD;, Dose of HNs. 


No. of rats dead———, 


“ 


Days after Group I Group II Group III 
administration Mustard HN.,and — Cortisone 
of HN, alone cortisone only 
0-3 0 0 0 
3-4 1 2 0 
4-5 4 6 0 
5-6 5* 2 0 
6-7 0 0 9 
Total deaths 10 10 0 
Survivors 10 10 20 


* One traumatic death. 


II which received HN» and HNz» plus corti- 
sone respectively. Persisting cells were largely 
plasma cells and reticulo endothelial elements. 
Megakaryocytes never disappeared com- 
pletely. Mast cells remained plentiful. Start- 
ing on the fifth day regeneration was noted, 
and this progressed so that hyperplasia was 
present on the seventh and ninth days. In 
Group III (cortisone alone) the marrow pic- 
ture showed no distinct changes during the ex- 
periment. 

The spleens in all groups showed a definite 
shrinkage in size from the second through the 
ninth days. In the initial period this decrease 
in size appeared greater in Groups I and II 
than in Group III. . 

In Group III (cortisone alone) histologic 
studies showed preservation of the white pulp 
while in both other groups there was extensive 
atrophy of lymphatic tissue and a lack of evi- 
dence of activity of lvmphopoietic centers of 
the follicles. There appeared to be some re- 
generation of the white pulp by the ninth day 
in Groups I and II, but this was minimal and 
did not compare with the striking regenerative 
change seen in the bone marrow. 

The weights of adrenal glands indicated a 
definite shrinkage in Group III (cortisone 
alone) at intervals studied up through the 
ninth day. In the other 2 groups, changes in 
size were not striking or consistent except on 
the fifth day after the HN», when there ap- 
peared to be definite hypertrophy in Group I, 
with Group II being intermediate in size be- 
tween Groups I and III. 

Discussion. Under the conditions of the 
present experiment, the LD59 of nitrogen mus- 
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tard was the same in rats receiving cortisone 
as in rats not receiving cortisone. The corti- 
sone which was started 2 days before the HNe 
was given, failed to modify the severe bone 
marrow depression. The studies on the 
weights and histologic changes of adrenals 
and spleens were inconclusive because of the 
small number of animals used in the sacrifice 
experiments and because of difficulties in in- 
terpreting changes after spontaneous death. 
Both the cortisone and mustard appeared to 
cause splenic atrophy. In the adrenal the 
stress produced by the mustard resulted in 
enlargement which was maximum at the fifth 
day, and in the animals receiving both drugs 
this effect was partially neutralized by the 
cortisone which alone tended to produce 
atrophy. 

This experiment represents an arbitrary 
set of conditions in the use of the 2 drugs to- 
gether. Both have complex and widespread 
metabolic effects. It is likely that changes 
in the dosages and time sequence would pro- 
duce results different from those which we 
obtained. It is entirely possible that some of 
the effects of cortisone are beneficial while 
others are harmful to the animal suffering 
from nitrogen mustard toxicity. 

Summary. Cortisone failed to produce al- 
teration in the LD;» of nitrogen mustard in 
rats under one set of experimental conditions. 
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Role of Lipids in Formation of Yellow Pigment from p-Aminobenzoic 


and p-Aminosalicylic Acids. 


(20365) 


R. L. Mayer, M. Grim, D. JacontA, AND F. C. Kutt. 
From the Microbiological Research Laboratories, Ciba Pharmaceutical Products, Summit, N. J. 


A number of micro-organisms are capable 
of producing yellow pigment (YP) when 
grown in the presence of p-aminobenzoic acid 
(PABA) and p-aminosalicylic acid (PAS) 
(1-7). The PABA pigment formed by myco- 
bacteria is an oxidation product of PABA of 
still unknown chemical composition. The 
conditions under which it is elaborated, espe- 
cially the influence of environmental changes 
on the amounts produced, and the sensitivity 
of the reaction to certain poisons, indicate the 
importance of oxidative enzymes in its forma- 
tion. It is surprising therefore that among 
the many micro-organisms investigated the 
mycobacteria are by far the strongest YP 
producers in spite of their slow rate of met- 
abolic activity. This may suggest that the 
mycobacteria, unlike the micro-organisms of 
other groups, possess specific mechanisms by 
which PABA may be oxidized into YP. An 
important difference existing between the my- 
cobacteria and most other bacteria is the very 
high lipid content in the first group of organ- 
isms which may contain as much as 30% on 
a dry weight basis. Since the high concen- 
tration of lipids, of yet unknown physiological 
role, is a most distinctive biochemical charac- 
teristic of mycobacteria, we have investigated 
that part played by lipids derived from myco- 
bacteria and other micro-organisms in the 
formation of YP from PABA and PAS. The 
ability of animal cells to form a YP from 
PABA was first described by Kohn and Liver- 
sedge(8). Subsequently Bernheim, Bern- 
heim, and Wilbur(9) suggested that the fac- 
tors responsible for this reaction are oxidized 
lipids or unsaturated fatty acids, most likely 
the peroxides or aldehydes and ketones formed 
during oxidation. When it became apparent 
that mycobacterial lipids were capable of 
forming YP from PABA, we extended our 
investigations to include lipids from various 
sources such as other bacteria, yeast, the high- 
er plants and animals. 

I. Formation of VP by various lipids. Ma- 
terials. Lipids of Microbial Origin. a) Total 


lipids from Mycobacterium smegmatis, Myco- 
bacterium tuberculosis var hominis (BCG 
strain) and Torulopsis lipofera were prepared 
by ether extraction of growth mats and centri- 
fugates. b) Purified bacterial lipids were ob- 
tained from several sources. Dr. Hubert 
Bloch kindly supplied us with 6 lipid fractions 
derived from Mycobacterium tuberculosis 
which had been prepared during the isolation 
of the cord factor(10). Two esters of bac- 
terial lipids were kindly made available to us 
by Dr. E. Lederer of Paris, namely methyl 
phtieonate, an a-@ unsaturated acid, and the 
methyl-ester of coryno-dienic acid, isolated 
from Corynebacterium diphtheriae. Lipids 
of Vegetable and Animal Origin. Seventeen 


substances .comprising non-drying, semi-dry- 


ing and drying oils, hydrogenated oils as well 
as 5 lipids of animal origin (Table II) were 
tested. Solvents. All lipids were dissolved 
in a neutral organic solvent of low boiling 
point to yield concentrations of 0.5 to 10%; 
the solvent used was free of peroxides and 
similar impurities and did not possess oxida- 
tive or reductive properties. The most suita- 
ble solvent for most lipids was petroleum 
ether of C.P. grade. Other suitable solvents 
were alcohol, acetone and ether. Several of the 
purified bacterial lipids, insoluble in petroleum 
ether, were dissolved in ethyl acetate or chlor- 
oform. Substrates. PABA and PAS are solu- 
ble in alcohol or acetone, but insoluble in pe- 
troleum ether. When the latter vehicle (suit- 
able for most lipids) was employed, finely 
pulverized PABA or PAS crystals were sus- 
pended in the lipid-solvent solution in a 
concentration of 10 to 20 mg per ml. For 
comparative studies it was preferable to em- 
ploy more homogenous systems consisting of 
PABA esters (ethyl, butyl and isobutyl-p- 
amino-benzoates) which are soluble in pe- 
troleum ether. However, these esters reacted 
at a considerably slower rate than free PABA. 
In several assays PABA or PAS together with 
certain lipids were dissolved in alcohol or 
acetone. Although both solvents often contain 
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TABLE I. Yellow Pigment Formation by Microbial Lipids. 


Lipids 


Yellow pigment 


formation* 

Total lipids: 

aly Mycobacteriwm smegmatis +++ 

os tuberculosis (BCG strain) +++ 

3. Torulopsis lipofera : +++ 
Purified lipids: 

1. Cord factor from Myco. tuberculosis + 

2. Non-toxie fractions isolated with cord factor 0 

oe Methyl ester of phthienoic acid + 4--+ 

4. ” ” eorynodienic acid SPSEqr 


* These plus values represent relative amounts of YP produced by 10 mg PABA or PAS 


mixed with 5 mg lipid and exposed 4 days to air and filter paper. 


They correspond to colors 


produced by the following quantities of butter yellow dissolved in petrol ether and to colori- 


metric readings (filter 530 my). 


Colorimeter 
mg/100 ml light 

Dilution of solvent transm., % Plus values Color 
1:200 500 18 ++++-+ Dark yellowish brown 
1:400 250 31 +++ Light ae 
1:1000 100 45 ++-+ a 
1:2000 50 52 sop Amber 
1:20000 5 83 + Yellow 
1:200000 3) 96 (+) Straw yellow 
1:2000000 05 98 (3) Faint ” 


oxidative constituents which accelerate the 
oxidation of PABA or PAS, the color differ- 
ences between controls in which only PABA 
or PAS was present and systems which con- 
tained the lipids were nevertheless consider- 
able. 

Methods. Since only a few milligrams of 
the pure bacterial lipids and esters were avail- 
able, a micro-method was devised which per- 
mitted the quantitative study of the develop- 
ment of the YP. This new method, similar to 
the filter paper technique previously described 
by Mayer, Grimm and Kull(11) for the 
analysis of water soluble oxidative enzymes, 
was based upon the following principle: Lip- 
ids and substrates (PABA, PABA esters and 
PAS) were thoroughly mixed and spread on 
sheets of No. 1 Whatman filter paper. The 
formation of YP on the filter paper could be 
quantitatively observed and the chromatic 
changes compared with color standards pre- 
pared by dissolving butter yellow in lard. In 
performing these tests sheets of the Whatman 
filter paper (22 x 18 inches) were ruled into 
2 inch squares. With a 1 ml pipette, 0.05 or 
0.1 ml amounts of the lipid-PABA solutions or 
suspensions. described above were transferred 


to the center of a square and the solvent evap- 
orated rapidly. The paper was then suspend- 
ed in a dry atmosphere. The controls for 
each test consisted of solutions of the lipid 
material in the solvent, as well as suspensions 
of solutions of PABA of PAS in the solvent. 
Fatty acids and oils of which larger amounts 
were available, were tested in the following 
manner: 500 mg of fatty acid and 100 mg of 
PABA were dissolved in 3 ml of IN NaOH, 
in a 25 ml Erlenmeyer flask, bringing the vol- 
ume to 5 ml. The solution was then heated 
to the boiling point and the resulting yellow 
color compared with color standards. Two ml 
oil and 100 mg PABA were mixed in a test 
tube and heated in a boiling water bath until 
the color remained stable (15 to 20 minutes). 
Contrary to the filter paper method, this pro- 
cedure permitted a more rapid estimation of 
the oxidative power of the lipids. 

Results. a) Controls. All lipids used were 
colorless in the amount applied to the paper 
and no colors developed during several weeks 
of exposure to air. Areas containing PABA, 
and especially PAS alone, gradually became 
brownish but never formed YP. b) Forma- 
tion of YP by Bacterial Lipids. Crude lipid 
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TABLE II. Yellow Pigment Formation with 
Various Fatty Acids, Vegetable and Animal Oils, 
and Fats. 


Test substance 
(5 mg per test) 


Pigment formation, 
5 days 10 days 


Fatty acids 
Oleic Saas 
Linoleie —+-=- 
Stearic 0 
Palmitie 0 
Vegetable oils 

Non-drying 
Almond 
Castor 0) 
Chaulmoogra 0 
Olive 

Semi-drying 
Cottonseed 
Persic 
Rape 
Sesame 

Drying 
Linseed ate 
Poppyseed 
Oiticica + 
Safflower 
Walnut 

Hydrogenated 
Palm 0 0 
Cottonseed 0 0 


Animal oils 
Sperm oil 


0 
Lard ” (+) oe 
ai 


+++ 

+44 
0 
0 


+ 
ayes 
were 


(=>) 
= 
+ 
WV 


+++ ++4++ + 
+++ +4+++ + 


r+t+ +4+4++ 4 
+ + 


+4 
+4 
bt 


Lard 
Cod liver oil 
Ovolecithin 


extracts derived from Mycobacterium tuber- 
culosis and Torulopsis lipofera were considera- 
bly active in transforming PABA and PAS 
into YP. The two unsaturated acid esters pre- 
pared by Lederer from Mycobacterium and 
C. diphtheriae also had strong activity, where- 
as Bloch’s impure cord-factor was only slightly 
active. The various non-toxic lipid fractions 
obtained during the isolation of the cord-factor 
were inactive. The results are shown in Table 
I. c) Formation of YP by vegetable lipids. 
Most vegetable oils were capable of forming 
yellow pigment from PABA and PAS, but dif- 
fered considerably in their pigment forming 
activity. In general, the activity was directly 
proportional to the drying properties of the 
oils. In the group of non-drying oils, only cas- 
tor and chaulmoogra oils were virtually inac- 
tive; almond, olive and palm oils demonstrated 
weak activities, while peanut oil proved to be 
a good yellow pigment former: The 4 semi- 
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drying oils were strongly active. The highest 
activities were found among the drying oils 
since linseed, oiticica and tung oils formed 
YP almost immediately upon contact with 
PABA. Hydrogenated palm and cottonseed 
oils had completely lost their activities. The 
results obtained with 5 mg amounts of these 
vegetable oils mixed with 10 mg PABA or 
PAS are noted in Table II. d) Formation of 
YP by animal Lipids and Fatty Acids. Animal 
oils and fats had various degrees of activity. 
Sperm oil was practically devoid of activity, 
while lard and lard oil had good activity, and 
cod liver oil extremely high activity similar 
to that of drying vegetable oil, oiticica and 
tung oils. Ovolecithin was found to be very 
active, producing YP in less than 24 hours. 
Among the fatty acids, oleic and linoleic acids 
were powerful oxidizers of PABA and PAS, 
whereas saturated fatty acids such as stearic 
and palmitic acids were completely inactive. 
The results are inscribed in Table II. It has 
been shown in these experiments that many 
bacterial, vegetable and animal lipids and 
certain unsaturated fatty acids are capable 
of forming YP from PABA and PAS. With 
the vegetable oils, this activity paralleled the 
drying properties of the oils. It was there- 
fore desirable to investigate the mechanism 
involved in this reaction. 

II. Assays to determine the active principle 
in lipids forming YP from PABA and PAS. 
Wilbur, Bernheim and Shapiro(12) have 
found that the color reaction of thiobarbituric 
acid in the presence of oxidized unsaturated 
fatty acids which parallels the formation of 
YP from PABA may be produced by peroxides 
or ketones and aldehydes. However, certain 
chemical characteristics pointed to aldehydes 
or ketones rather than to peroxides as the 
principal agents involved. The transforma- 
tion of PABA and PAS into YP may be 
brought about under the following conditions: 
1) the presence of double bonds within the lip- 
id or fatty acid molecule, which may act as hy- 
drogen acceptors; 2) the presence and autoxi- 
dative formation of peroxides at the ethnoid 
linkages of the unsaturated fatty acids; 3) 
the presence of other oxidation products such 
as aldehydes and ketones, formed either from 
peroxides or in addition to peroxides. The 
oxidative potentials of these 3 systems are 
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TABLE III. Influence of ‘‘Blowing’’ (Oxidation) and Heating of Various Lipids and Oleic 
Acid on YP Formation. 


Ability to form YP after: 


Peroxide 
Test substance Treatment 48 hr 96 hr No. + 
a. Microbial lipids 
Myco. smegmatis ) + apeeee ee 
ox" +++ +++4++ ~ 
” tuberculosis 0 _ ++ = 
ox +4 eer a 
Torula lipofera 0 — f+ — 
Ox +++ +4++ wee 
b. Non-drying oils 
Almond 0 0 (+) 49 
ox (+) + 303 
Castor 0 0 0 10 
ox 0 G 18 
Chaulmoogra 0 0 0 22 
ox (+)? (+)? 236 
Olive 0 aL ab 25 
h aa +4 12 
ox ++ ++ 779 
ox th +4 +4 6 
c. Semi-drying oils 
Persie 0 -+ + 20 
ox ae see 211 
Cottonseed 0 + sh 116 
h a+ fb 20 
ox +4+4++ +4+++ 646 
oxth ++4+4+ 4444+ 22 
Rape 0 + +++ 20 
ox +4+4++ +4+4++ 120 
Sesame 0 + +-+-+ 38 
h a beste ais ily 
ox +t+4+4++  4+4++4++ 863 
ox +h ++t+ 4444+ 23 
d. Drying oils 
Linseed 0 + +4++4+++ ii 
ox +++ +4+4+++ 101 
Oiticica 0 ++ +444 12 
ox +++++ 4444+ 160 
Poppyseed 0 + jhe tea 35 
Ox sh Fiesechets 694 
ox +h t+tt +4+4+4++ 0 
Walnut 0 +- aaa 21 
ox +++ +4+4++ 247 
Cod liver 0 4+ peeeaes 93 
ox ++t+ +4444 74 
e. Fatty acid 
Oleic 0 slapimalnets 40 
ox ++t+4++  4+4++++ 375 


* 0 — untreated; ox — oxidized; h = heated. 


different and it is probable that they attack 
PABA or PAS with different degrees of fa- 
cility. In order to recognize which factor may 
actually effect the formation of YP from 
PABA and PAS, we enhanced the various 
oxidative principles in a number of various 
oils. This was achieved by 1) heating at 


165°C, 2) “blowing”, and 3) “blowing” and 
subsequent heating at 165°C without aera- 
tion. Heating at 165°C slightly increased 
the peroxide content. “Blowing”, the tech- 
nical procedure employed to increase the 
viscosity of drying oils, consists of heating the 
oils at 125°C and passing air through the 
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oils during tthe heating process for various 


periods of time. In our experiments, the oils | 


were “blown” with a vigorous stream of air 
for 24 hours over a steam bath. This pro- 
cedure considerably increased the viscosity 
of semi-drying and drying oils, in some 
instances to an almost resinous consistency. 
The polymerization of these oils is due to an 
intense oxidation during the “blowing” pro- 
cess, with an appreciable resultant increase in 
peroxide content. ‘Subsequent heating of the 
“blown” oils at 165°C for one and one-half 
hours reduced the amount of peroxides to the 
original level with formation of highly reac- 
tive aldehydes and ketones. Oils treated by 
the above procedures were tested for YP 
activity. Bacterial lipids were oxidized by 
irradiation with ultraviolet light as indicated 
by Wilbur, Bernheim and Shapiro(12). As 
in the preceding experiments, 5 mg of lipid 
material was mixed with 10 mg PABA or PAS, 
spread on filter paper and exposed to air. 

As seen from Table III, the oxidation of 
lipids from Mycobacterium smegmatis, Myco- 
bacterium tuberculosis var. hominis (H37- 
Rv) and Torula lipofera increases their ability 
to form YP. Oxidation of non-bacterial lipids 
has variable effects. In the case of 3 non- 
drying oils the ability to form YP is not en- 
hanced by oxidation, and only in one instance 
(olive oil) was it slightly increased. On the 
other hand, with the semi-drying and drying 
oils oxidation considerably and regularly en- 
hanced this activity. These results were un- 
expected since oxidation increased the perox- 
ide content of most ‘oils regardless of whether 
they belong to the class of drying or non-dry- 
ing oils. The degree of oxidation as measured 
by the peroxide numbers was irregular. Only 
in the case of castor oil did oxidation fail to 
increase the peroxide content. 

Formation of YP and degree of peroxidation 
did not parallel each other. With the non- 
drying chaulmoogra oil for instance, the per- 
oxide content increased more than 10-fold, 
although the ability to form YP remained 
almost unchanged. In the case of oleic acid 
the increase in peroxide content was less than 
10-fold, but YP formation rose considerably. 
It was concluded from these observations 
therefore, that peroxide formation was not 
the essential factor responsible for the forma- 


tion of YP by lipids. This hypothesis was 
confirmed by the results of experiments in 
which previously oxidized oils, upon heating 
at 165°C were found to retain considerable 
YP activity. The oils were heated in order 
to decrease the peroxide content to the original 
low level. Consequently, the increased pro- 
duction of YP following the oxidation of cer- 
tain lipids is apparently due to oxidation 
products formed from or by the action of 
peroxides and not by the peroxides themselves. 
As already pointed out, Wilbur, Bernheim and 
Shapiro(12) arrived at the same conclusions 
in the case of tthiobarbiturate reaction with 
unsaturated fatty acids. 

Discussion. 1) The present study indicates 
that many bacterial, vegetable and animal 
lipids, as well as certain fatty acids, are 
capable of forming YP from PABA and PAS. 
Thus three different systems producing these 
YP are known, namely intact cells of myco- 
bacteria and certain other micro-organisms, 
phenoloxidase, and lipids. The mechanism by 
which lipids are capable of forming YP was 
investigated in order that information might 
be gained as to the significance of PABA 
pigment formation and, at the same time, the 
possible physiological role of bacterial lipids. 
The resuits have suggested that the activity 
of lipids in transforming PABA is not a 
function of double bonds or of peroxides as 
such, as first supposed, but is associated with 
those oxidation products normally produced 
during rancidification or aging of lipids and 
fatty acids and which apparently are formed 
by and from peroxides. Is the formation of 
YP from aromatic amines by various bacterial 
lipids an incidental chemical property which 
has no physiological significance or is 
it biologically important? It is generally 
believed that the lipids or waxes of the 
tubercle bacillus act as a protective sheath 
against the defense systems of the host. The 
experiments reported upon in this paper sug- 
gest that lipids have a more active and vital 
role and participate, as with certain animal 
lipids, in the oxidoreductive cell metabolism 
as part of the general energy processes. Un- 
saturated lipids as well as their oxidation 
products are unstable in air and likely to set 
up redox systems between non-oxidized and 
oxidized forms. In this way, they may con- 
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stitute a hitherto unrecognized oxido-reductive 
entity in addition to or supplementing the 
well-known oxido-reductive enzymes of pro- 
tein nature. 


2) The chemical nature of the PABA and 
PAS pigment formed by lipids is unknown. 
Earlier studies have suggested that the YP 
formed from PABA by actively growing myco- 
bacterial cells contains quinoid oxidation 
products of PABA. Sloane, Fields and Mayer 
(13) found that highly purified PABA YP 
had a molecular weight of over 1000000 and 
contained, in addition to 2 aromatic nitro- 
genous components, at least 13 different amino 
acids. It is presumed that the yellow com- 
pound formed from PABA by lipids in the 
absence of proteins has a simpler chemical 
composition and lends itself to a simpler 
analysis than the yellow pigments formed in 
cultures of M. tuberculosis or M. smegmatis. 
According to Bernheim, Wilbur and Fitzgerald 
(14) PABA may condense with aldehydes or 
ketones to form the YP. On the other hand it 
is possible that an azo dye is formed from 
PABA which accounts for the bright and 
stable color of the YP. 


3) The semi-micro filter paper method de- 
veloped for the study of ‘tthe YP formed by 
lipids seems applicable to the elucidation of 
many oxidative processes. It has the same 
advantages of application to chemical and 
enzymatic reactions as the filter paper method 
developed for the study of the water soluble 
system of phenoloxidase and other water 
soluble oxido-reductive reactions(11).  In- 
deed both permit the use of very small 
amounts of reagents and the observation of 
many sequential reactions in the course of 
which colored intermediates or end products 
are formed, viz. melanin and indophenol blue 
formation, photobiological processes, etc. 
‘This method is also useful for the study of 
reactions during which colorless intermediates 
or end products are formed which are identi- 
fied by color reactions such as proteinolysis, 
carbohydrate metabolism, fat oxidation, etc. 
A further advantage of this method is the 
possibility of preventing or interrupting the 
chemical processes, enzymatic or otherwise, 
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at any stage of development by specific poi- 
sons applied during or before color develop- 
ment. 

Summary. 1) As in the case of animal 
lipids and unsaturated fatty acids, various 
bacterial and vegetable lipids are capable of 
forming yellow pigment from p-aminobenzoic 
acid and p-aminosalicylic acid. 2) Oxidation 
considerably increases the activity of certain 
lipids to form the pigment. This enhanced 
activity is apparently not due to an increase 
in the peroxide content but rather to the 
formation of other oxidation products such 
as fatty aldehydes or ketones. 3) These re- ' 
sults suggest that bacterial lipids play a role 
in the PABA pigment formation by growing 
cultures of mycobacteria. 4) The possible 
role of lipids in bacterial metabolism as im- 
portant oxido-redox systems has been dis- 
cussed. 5) A new filter paper method has 
been applied for the study of biologic oxida- 
tions of lipids and fatty acids. 
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Effect of Soybean Phosphatide on Blood Coagulation Defect Following 


Total Body X-Irradiation in the Dog.* 


(20366) 


SipNey G. WuitTe,t Joun B. LAGEN, Paut M. AccELER, AND RosBerT P. GEYER. 


From the Department of Medicine, University of California School of Medicine, San Francisco, 


and the Department of Nutrition, Harvard 


It has been reported that the active prin- 
ciple in platelets which contributes to the 
formation of thromboplastin from plasma 
sources resides in a phospholipid fraction of 
the platelets(1,2). The present investigation 
was conducted in order to determine whether 
soybean phosphatide can be used as a sub- 
stitute for the platelet factor in dogs made 
thrombocytopenic by total body x-irradiation. 
Soybean phosphatide was chosen for this pur- 
pose because it is readily available and has 
been used previously to stabilize neutral fat 
emulsions and fat soluble vitamin K prepara- 
tions for intravenous use in man(3). 

Methods. Blood was obtained from the 
foreleg vein of the dog with one No. 18 gauge 
needle and 2 syringes coated with silicone 
oil. Four and one-half ml of blood from the 
first syringe was added to 0.5 ml of 0.1 M 
potassium oxalate and used for plasma tests. 
The clotting time and prothrombin utilization 
tests were done on blood from the second 
syringe. Whole blood clotting time (C.T.). 
Two ml aliquots of blood were placed in each 
of two 13 by 100 mm glass tubes in a water- 
bath at 37°C. Starting at 3 minutes, both 
tubes were tipped every minute until each 
could be inverted without spilling the contents. 
The results were averaged. Incubation of the 
specimens at 37°C was continued until ofie 
hour had elapsed from the time the blood was 
drawn, at which time 0.22 ml of 0.1 M potas- 
sium oxalate was added to each tube and 
mixed with the clotted or clotting blood. The 
tubes were then promptly centrifuged to re- 


* Supported in part by a research grant from 
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cover the serum for prothrombin testing. Clot 
retraction was observed at the end of one 
hour’s incubation of the blood at 37°C. 
Prothrombin assays on plasma and serum 
were done by the 2-stage method of Ware and 
Seegers(4), using a lyophilized incubation 
mixture’ and bovine fibrinogen! in the test. 
A 1.25% solution of fibrinogen in 0.9% NaCl 
was adsorbed with freshly precipitated and 
washed barium sulfate in order to remove any 
traces of prothrombin. Residual serum pro- 
thrombin determinations. The number of 
units of prothrombin found in the serum was 
divided by the number of units of prothrom- 
bin found in the plasma and multiplied by 100 
in order to determine the per cent residual 
serum prothrombin. A value of greater than 
30% residual serum prothrombin is significant 
evidence of impaired prothrombin utilization. 
This test provides a sensitive index of the 
severity of the coagulation defect which occurs 
following total body x-irradiation(5-7). In 
vitro assay of clotting properties of soybean 
phosphatide. Two methods were employed: 
1) 1.0 ml of blood was added to 0.1 ml of 
soybean phosphatide solution, and the effect 
on prothrombin utilization was determined. 
The results were compared with those pro- 
duced by the addition of the blood to 0.1 ml 
of standardized tissue thromboplastin prep- 
aration.1 2) 0.1 ml of 0.025 M CaCl. was 
added to a mixture of 0.1 ml of dog plasma 
and 0.1 ml of soybean phosphatide solution in 
a 13 by 100 mm pyrex tube in a waterbath at 
37°C. The clotting time of duplicate speci- 
mens was determined and the results averaged. 
The results were compared with those obtained 
when 0.1 ml of a standardized tissue throm- 
boplastin preparation or 0.1 ml of 0.9% NaCl 
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was substituted for the phosphatide solution in 
the test. Platelet counts were done by the 
method of Brecher and Cronkite(8). Prepa- 
ration of soybean phosphatide. 400 g of soy- 
bean phosphatide** were dissolved in 1.6 
liters of redistilled petroleum ether (B.P. 
65°C) and filtered through an asbestos type 
bacterial filter. The filtrate was poured with 
rapid stirring into 4 liters of redistilled acetone 
and the precipitate collected on a filter paper. 
It was redissolved in petroleum ether and re- 
precipitated as before. The precipitate was 
washed well with acetone and freed of solvent 
by means of a stream of dry nitrogen. The 
product was a light tan-colored granular ma- 
terial, containing approximately 31% lecithin 
and 31% cephalin. The remainder was com- 
posed mainly of inositol phosphatides. For 
use in this study, the material was dissolved 
in 5% glucose in water to a concentration of 
2.5%. Technic of x-irradiation.tt All dogs 
were given a total dose of 150 r of total body 
x-irradiation. This dose is LDso in our labo- 
ratory. The irradiation was given in 2 doses 
of 75 r delivered to each side of the body, 
while the dogs were under light pentobarbital 
anesthesia. Radiation factors++ were 250 KV 
constant potential, 12 ma, HVL 1.5 mm Cu; 
filter, 0.5 mm Cu and 1 mm Al. Target to 
skin distance (tsd) was 125 cm for all dogs. 
The mean mid-body dose rate of 14 r per min- 
ute was calculated for each dog individually 
by averaging equal numbers of Victoreen 
ionization-chamber readings taken on _ the 
proximal and distil skin surfaces at repre- 
sentative areas. 

Results. 1) In vitro effects on prothrombin 
utilization. The effect on prothrombin utiliza- 
tion of tthe addition of soybean phosphatide 
and of tissue thromboplastin to the blood in 
vitro is shown in Fig. 1. Blood obtained from a 
male dog, weighing 13 kg, 21 days after 150 r 
total body x-irradiation, in which no platelets 
were seen, was used in this experiment. The 
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FIG. 1. Effect of addition of soybean phosphatide 
and of tissue thromboplastin on prothrombin utili- 
zation in the thrombocytopenic x-irradiated dog. 
(Serum tested after incubation one hr at 37°C of ° 
1 ml of blood mixed with 0.1 ml of each dilution 
of substance tested. Prothrombin determinations 
by 2-stage method of Ware and Seegers(4).) 
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FIG. 2. Effect of addition of soybean phosphatide 


and of tissue thromboplastin on plasma clotting 

time of the thrombocytopenic x-irradiated dog. 

(One ml 0.025 M CaCl, added to 0.1 ml of plasma 
and 0.1 ml of substance tested at 37°C.) 


soybean phosphatide solution produced a more 
profound effect, which was less rapidly lost by 
dilution, than did the tissue thromboplastin. 
Neither substance induced clot retraction. 

2) In vitro effects on plasma clotting time. 
The effect on the plasma clotting time of the 
addition of soybean phosphatide and of tissue 
thromboplastin to the plasma of the same dog 
is shown in Fig. 2. The soybean phosphatide 
solution produced less shortening of the clot- 
ting time than did the tissue thromboplastin. 
In concentrated solution it proved to have 
anticoagulant properties. In this type of test 
the clot-promoting properties are apparently 
obscured by a clotting inhibitor in the phos- 
phatide solution. 

3) Effect of slow intravenous infusion. A 
male dog, weighing 13 kg, under light pento- 
barbital anesthesia, 8 days after 150 r total 
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TABLE I. Effect of Intravenous Infusion during One Hour of 37 ml of 2.5% Soybean Phos- 
phatide Solution (Diluted to 150 ml with 5% Glucose) on Blood Coagulation Defect in the 
Thrombocytopenic X-Irradiated Dog. No clot retraction in each experiment. 


Residual 
Residual serum pro- 
Platelet Plasma pro- serum pro- thrombin in 
Clotting count/mm* thrombin in thrombin in % of plasma 
time, min. x 1000 units/m1* units/ml1* value 
Before infusion ili 37 170 86 50 
15 min. after in- 5 200 27 13 
fusion started 
30 min. after in- 5 28.5 130 26 20 
fusion started 
60 min. after in- <a) 105 <10 <10 
fusion started 
(end of infusion) 
2 hr after end of if 38 140 2 16 
infusion 
22 hr after end of 16 11 120 72 59 
infusion 


* Two-stage method of Ware and Seegers(4). 


TABLE II. Effect of Intravenous Infusion during a Period of 25 Minutes of 100 ml of 2.5% 
Soybean Phosphatide Solution on Blood Coagulation Defect in the Thrombocytopenie X- 
Irradiated Dog. No clot retraction. 


Residual 
Residual serum pro- 
Platelet Plasma pro- serum pro- thrombin in 
Clotting count/mm? thrombin in thrombin in % of plasma 
time, min. <x 1000 units /m1* units/m1* value 
Before infusion 19 11.5 155 92 58 
15 min. t 8 12 72 18 25 
11% hrt 14 10.5 90 45 50 
31% hrt 18 73 92 126 


* Two-stage method of Ware and Seegers(4). 


+ After end of infusion. 


body x-irradiation, whose blood showed 37000 
platelets/mm*?, no clot retraction, and a 17- 
minute C.T., was given 37 ml of the phospha- 
tide solution diluted to 150 ml with 5% glu- 
cose in water by intravenous infusion in a 
period of 60 minutes. The results are shown 
in Table I. At the termination of the in- 
fusion, the C.T. was reduced to less than 3 
minutes, and the residual serum prothrombin 
to less than 10%. Marked effects persisted 
for 2 hours, but had disappeared by 22 hours. 
A non-anesthetized female dog, weighing 11.5 
kg, 11 days after 150 r total body x-irradia- 
tion, whose blood showed 11,500 platelets/ 
mm?, no clot retraction, and a 19-minute 
C.T., was given 100 ml of the 2.5% phospha- 
tide solution intravenously over a period of 
25 minutes. The results are shown in Table 
II. Fifteen minutes after the infusion was 


completed, the C.T. was reduced to 8 minutes 
and the residual serum prothrombin to 25%. 
Both values had returned to the pre-infusion 
level at the end of 3% hours. The platelet 
count and clot retraction remained unchanged. 
In both of these experiments the plasma pro- 
thrombin was also reduced by the infusion of 
the soybean phosphatide solution. 

4) Effect of small rapid intravenous infu- 
sion. A male dog, weighing 13 kg, 9 days 
after 150 r total body x-irradiation, whose 
blood showed 11,500 platelets/mm?, no clot 
retraction, and a 14-minute clotting time, 
was given 20 ml of the 2.5% soybean phos- 
phatide solution intravenously in a period of 
3 minutes. The C.T. was reduced to 8 
minutes during the observation period. There 
was no change in the platelet count or clot 
retraction. The effect on the residual serum 
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FIG. 3. Effect of rapid intravenous infusion of 
20 ml of a 2.5% soybean phosphatide solution on 
prothrombin utilization in the thrombocytopenic 
x-lrradiated dog. (Serum tested after incubation 
of blood for one hr at 37°C. Prothrombin de- 
terminations by 2-stage method of Ware and 
Seegers (4).) 


prothrombin is shown in Fig. 3. 

Summary. Thrombocytopenia, prolonged 
whole blood clotting time, and markedly im- 
paired clot retraction and prothrombin utiliza- 
tion were induced in dogs by 150 r total body 
x-irradiation. A marked increase in prothrom- 
bin utilization was found after the addition 
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of a soybean phosphatide solution to the 
blood in vitro. A temporary decrease in the 
clotting time and an increase in prothrombin 
utilization, without change in the platelet 
count or clot retraction, was induced by the 
intravenous administration of 20 to 100 ml 
of a 2.5% solution of the soybean phosphatide. 
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Effect of Glucagon in Stable and Unstable Diabetic Patients. (20367) 
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From the Lilly Research Laboratories and Indianapolis General Hospital, 


A hyperglycemic factor, termed “glucagon” 
by Murlin e¢ al.(1), has been known for 30 
years to be present in most commercial insulin 
preparations. Its isolation, purification, and 
characterization has been an exceedingly stub- 
born problem. Recently, the authors have 
had available for study a preparation of an 
unusually high degree of purity provided by 
A. Staub of these Laboratories(2). The ma- 
terial used in this study was of such potency 
that 0.5 yg of the substance per kg adminis- 
tered intravenously to unfed cats anesthetized 
with amobarbital produced a rise in the blood 
sugar of 30 mg per 100 cc above normal within 
25 minutes (a “cat unit”). Further animal as- 
says showed it to contain only 0.005 unit of 
insulin per mg of solid. 

During the course of an investigation of the 
physiological properties of this highly purified 


(Introduced by O. M. Helmer.) 
Indianapolis, Ind. 


hyperglycemic-glycogenolytic factor (gluca- 
gon), the authors studied the response of 
various types of diabetic subjects. In this 
report only the response of the blood sugar 
and serum inorganic phosphorus will be dis- 
cussed. Data relative to pyruvate, lactate, 
potassium, and certain steroid studies will be 
presented elsewhere(3). 

Technic. An intravenous infusion of diluted 
glucagon was given both to normal persons 
and to 8 female diabetic patients. All sub- 
jects received 10 pg/kg body weight (10 pg 
of this material was equivalent to 20 “cat 
units”) in the fasting state; the diabetics had 
not received insulin on the morning of the 
test. Since no dose exceeded 1 mg of the 
test material, no one received more than 0.005 
unit of insulin based on animal assay results. 
Venous blood sugar was determined by the 
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Nelson method; inorganic phosphorus, by the 
Fiske and Subbarrow technic adapted for a 
photoelectric colorimeter. 

Results. The blood sugar levels of the 
normal presons reached a peak of elevation in 
about 10 minutes after completion of the 
infusion and fell to values below the fasting 
level between 60 and 90 minutes, much as is 
seen following glucose administration; how- 
ever, diabetics receiving glucagon in a similar 
manner showed glycemic responses that could 
be divided into two patterns (Fig. 1). 

In four patients the average blood sugar 
rose to a level closely approximating that of 
the normal subjects but fell slowly so that 
by 90 minutes it still exceeded the initial 
level, and by 120 minutes, in spite of indi- 
vidual variations, the average was about at 
the initial level. These patients also showed 
an impaired fall in serum inorganic phosphor- 
us. The patients in this group seem to have 
in common the general clinical characteristics 
of the “stable, adult” type, that is, the middle- 
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FIG. 1. The effect on blood sugar and inorganic phosphorus of intravenous glucagon in normal 

subjects and stable and unstable diabetic patieuts. 
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aged or elderly, overweight diabetic who is not 
particularly sensitive to insulin and is not 
liable to develop ketosis easily. 

In 4 other diabetics, however, the blood 
sugar did not rise as high and fell below the 
initial value at 60 minutes. (The 60-minute 
point on the curve shows the differences be- 
tween the two groups most clearly.) Where- 
as, at 120 minutes the blood sugar of the first 
group was at initial levels, it was 29.5 mg 
per 100 cc below in the second group. It was 
also noted that the glycemic response bore no 
relationship to the height of the initial glucose 
level. Quite in contrast with the other dia- 
betics, these patients had a normal fall in 
serum phosphorus. Three of the patients in 
the second group were extremely labile show- 
ing spontaneous variations in blood glucose 
(when determinations were made 4 times 
daily) of as much as 300 mg per 100 cc or 
more in a 24-hour period, the insulin and diet 
remaining unchanged. They are in the cate- 
gory usually designated as being “unstable 
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and insulin-sensitive.” 

Discussion. It was assumed that these 
unstable patients would have an even more 
- abnormal response to endogenous glucose lib- 
erated by glucagon than the stable diabetics, 
in keeping with Bornstein’s finding(4), that 
this type of patient is more likely to be de- 
ficient in circulating insulin. It is highly 
probable that the glycogen content of the 
liver is reflected in the height of the glucose 
elevation following glucagon administration. 
If it is assumed that the stable diabetic has 
endogenous insulin(4) and the unstable case 
has none, or very little, and that insulin in- 
creases glycogen deposition in the liver, it 
would appear that the labile diabetic with 
- little or no circulating insulin has low hepatic 
glycogen stores. Glucagon would then pro- 
duce a smaller immediate rise in blood sugar 
in such subjects. Contrariwise, the stable dia- 
betic with his own circulating insulin and 
greater hepatic glycogen stores would show a 
normal response to the glycogenolytic factor. 

The fall in blood sugar below initial fasting 
levels after glucose administration is con- 
sidered by some to be the result of the stimu- 
lation of insulin. If this is so, then glucagon 
stimulated the production or activation of 
endogenous insulin in the unstable diabetic. 
This perhaps was mirrored in the normal fall 
in serum inorganic phosphorus in these pa- 
tients. According to Forsham and Thorn(5), 
a fall in serum inorganic phosphorus (follow- 
ing intravenous glucose administration) is 
“a valid criterion for the peripheral utiliza- 
tion of glucose” and is said to be dependent 
on the presence of insulin(6-8). 

Since the increment in blood sugar follow- 
ing glucagon was relatively small in unstable 
diabetics, insulin, if stimulated, was not called 
forth by the additional hyperglycemia, and 
some other mechanism must have been at 
work. Other explanations, of course, are 
possible, but there is no evidence at present 
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to completely explain this phenomenon. 

One might speculate that the stable type 
of diabetic is relatively insulin-insensitive, be- 
cause he has glucagon to counteract any fall 
in blood sugar. He has some circulating 
insulin, but not enough for all metabolic needs, 
and he has ample liver glycogen. Such a 
diabetic would be comparable to the partially 
alloxanized animal. The unstable type of 
diabetic, on the other hand, may be insulin- 
sensitive, because he lacks endogenous gluca- 
gon needed to modify rapid falls in blood 
sugar. With little if any available insulin of 
his own, he may have a relative deficiency of 
liver glycogen. Such a diabetic would re- 
semble the depancreatized animal. 


Summary. A highly purified preparation of 
glucagon (pancreatic hyperglycemic-glycogen- 
olytic factor, HGF) was administered intra- 
venously to normal and diabetic subjects. 
Two different types of responses in blood sugar 
and serum inorganic phosphorus were found 
between the more common stable and the 
rarer labile diabetic. The responses seem to 
fall into patterns compatible with present con- 
cepts of the two broad clinical varieties of 
diabetes mellitus. 
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Stimulating Effect of Nucleoprotein Fraction of Chick Embryo Extract on 


Homologous Heart Fibroblasts.* 


R. J. Kutsxy.t 


(20368) 


(Introduced by Morgan Harris.) 


From the Department of Zoology, University of California, Berkeley. 


Embryo extract as ordinarily prepared in 
balanced saline solution(1) stimulates growth 
in tissue cultures as first reported by Carrel 
(2). The experiments of Fischer(3) involv- 
ing dialysis and ultracentrifugation suggest 
that the growth factors in embryo extract fall 
into two categories: (a) substances of high 
molecular weight, probably protein in nature, 
collectively termed “embryonin” by Fischer, 
and (b) small molecules readily diffusible 
through dialysis membranes. Several work- 
ers have attempted isolations of the active fac- 
tors of high molecular weight. Fischer(4) 
using Hammersten’s(5) technique isolated an 
active nucleoprotein fraction with several elec- 
trophoretic components of which 4 were pre- 
dominant, but he did not test the biological 
activity of the components. Davidson and 
Waymouth(6) likewise isolated an active nu- 
cleoprotein fraction from chick embryos and 
Waymouth(7) reported a few electrophoretic 
peaks in a similar preparation, but their 
biological activity was not tested. Katsuta 
and Takaoka(8) claim that a high polymer 
pentosenucleic acid isolated from chick em- 
bryos by Nishioka and Ibuka(9) is Fischer’s 
(4) “embryonin,” the growth factor of high 
molecular weight in chick embryo extract. 

Von Euler and Heller(10) have developed 
an isolation method for liver nucleoproteins 
by using streptomycin as a specific precipi- 
tant. A modification of this method designed 
for quantity isolation of a chick embryo 
nucleoprotein fraction will be described here. 
This fraction will be shown to contain most 
of the growth factors of high molecular weight 


* Supported by grants to Dr. Morgan Harris from 
the Cancer Research Coordinating Committee, Uni- 
versity of California. This work represents part of 
a thesis submitted in partial fulfillment of the re- 
quirements for the degree of Doctor of Philosophy, 
Department of Zoology, University. of California. 

t AEC Predoctoral Fellow in the Biological 
Sciences 1951-1953. Present address: Donner Lab- 
oratory of Medical Physics, Berkeley, Calif. 


in chick embryo extract. Preliminary charac- 
terizations of this fraction and tests on the 
high polymer pentosenucleic acid prepared ac- 
cording to Nishioka and Ibuka(9) will also 
be presented. 

Isolation procedures. The nucleoprotein 
fraction was obtained from fresh 12-day 
chick embryos. These were removed from 
their membranes and cooled to O0°C. This 
temperature was maintained throughout the 
isolation procedure. The embryos were then 
homogenized in a large Potter homogenizer, 
stirred one hour with an equal volume of M/8 
borate, pH 7.1, and centrifuged 15 minutes 
at 24,000 x g in a fluid-cooled Servall centri- 
fuge. Re-extraction of the residue increased 
the final yield by about 30%. The superna- 
tant was made M/100 in streptomycin sulfate 
(Lilly) by using a M/4 stock solution, pH 
7.5, left undisturbed for 2 hours and the re- 
sulting precipitate centrifuged down at 24,000 
x g for 10 minutes. The precipitate was gent- 
ly homogenized with M/3 potassium phos- 
phate buffer, pH 7.2, 4 cc per embryo, yield- 
ing a turbid solution which was dialyzed with 
stirring in 34 inch Visking tubing for 12 hours 
against borate, pH 7.1, 120 cc per embryo. 
The streptomycin precipitation was repeated 
in the dialyzed solution with resuspension in 
phosphate as above. Dialysis with rotation 
of the sac was continued for 12 hours against 
two changes of M/3 phosphate buffer, 32 cc 
per embryo. The dense dialyzed suspension 
was then ultracentrifuged one hour at 105,000 
x g in a Spinco refrigerated centrifuge. The 
free lipids rose to the surface and were re- 
moved with a capillary pipet leaving a clear, 
colorless solution containing soluble nucleo- 
proteins above a pellet of cell particulates 
and insoluble materials. The solution was 
stir-dialyzed for 24 hours either against one 
change of distilled water, 120 cc per embryo 
equivalent prior to lyophilization or against 
the same volume of Gey’s saline prior to 
culture operations. This solution, after ultra- 
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FIG. 1. Ultraviolet absorption spectra of nucleo- 
protein fraction and high polymer nucleie acid, 
both in Gey’s saline (0.6 mg/cc) at pH 7.5. 


centrifuging again for an hour at 105,000 x g, 
was clear, colorless, viscous and exhibited a 
typical nucleoprotein absorption spectrum in 
the ultraviolet with a maximum at 260 my 
and a minimum at 243 (Fig. 1). Concen- 
tration of the nucleoprotein fraction in the 
clear solution was routinely determined by 
comparing optical densities at 260 mp» against 
a concentration curve based on dry weight 
measurements. Duplicate analyses for PNA 
and DNA in the streptomycin-precipitated 
fraction are seen in Table I. For purposes of 
analysis, PNA and DNA were separated and 
protein removed by the method of Schmidt 
and Thannhauser(13) followed by Schneider’s 
procedure(14). DNA was determined by the 
method of Stumpf(15), PNA by the orcinol 
method of Mejbaum(16). Direct preparation 
of high polymer pentose-nucleic acid from 
chick embryo extract followed the method of 
Nishioka and Ibuka(9). The ultraviolet ab- 
sorption spectrum of the final product is 
shown in Fig. 1. The slight inflection at 
280 mp suggests residual protein. In addition, 
a preparation of nucleic acid was obtained 
from the streptomycin-precipitated nucleopro- 
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tein fraction according to Grinnan and Mosher 
(12) omitting the preliminary guanidine pre- 
cipitation. 

Tissue culture technic. Fresh explants of 
13-16 day chick heart were cultivated in 
Carrel flasks at 37°C for a 10-day period. 
The basal assay medium consisted of a chicken 
plasma clot with a supernatant containing 
40% horse serum and 60% Gey’s saline. 
Supernatants were changed twice a week with- 
out washing the cultures. The media were 
not dialyzed. Details are given in a previous 
paper by Kutsky and Harris(11). The ex- 
perimental cultures were supplemented with 
the nucleoprotein fraction in saline solution, 
each series being matched with a correspond- 
ing group of non-supplemented control cul- 
tures. The effectiveness of a particular frac- 
tion was judged by the increase in area of 
the culture at ten days, by the characteristic 
microscopic morphology of the cells in the 
culture and in certain cases by measurements 
of the pH levels in the supernatant fluids. 
Fractions were originally prepared by using 
sterile technics, but when this was omitted 
there was no sign of alteration in the final 
product since the temperature was maintained 
at O°C throughout the isolation procedure. 
Fractions prepared under non-sterile condi- 
tions did not in general produce contamina- 
tions in tissue culture. Antibiotics were rou- 
tinely incorporated in the media and the 
fractions were routinely subjected to one- 
hour’s ultracentrifugation at 105,000 x g just 
prior to use to reduce contaminating micro- 
organisms to a low level. 


Results. Table II shows the relative in- 
creases in surface area, at 10 days, of cultures 
containing 3 concentrations of the nucleopro- 


TABLE T. Nucleic Acid Determinations on Nucleo- 
protein Fraction. 


Nucleie acid 


Sample found, % nucleic Ave % 
Analysis wt,mg mg* acid NA 
PNA 10 1.05 10.5 10.3 
43 1.06 10.6 
% OY) 9.9 
DNA 100 230 5303 0.33 
rf roo 32 


* Hach value represents avg of two aliquot de- 
terminations. 
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TABLE II. Outgrowth of Chick Heart Fibroblasts in Undialyzed Media Supplemented with 


Fractions from Chick Embryo Extract. 


a SS SS ee 
ed 


Areal increase 10 days mm*t Diff. from Bee 
Supplement to 5 unsupplemented Signif. of 
basal medium* Supplemented Controls controls diff. P 
Nucleoprotein 
fraction 
.2 mg/ce 34.7 + 2.3 14.3 + 1.4 20.4 + 2.7 <.001 
.4mg/ce Heyes a) 14.3 + 14 Bgl aes al ey <.001 
.7 mg/ee 65.0 + 1.2 14.3 4+ 1.4 50.7 + 1.8 <.001 
Supernatant 
dialyzedt 
15% 22.8 + 1.3 NBEO) Se 1a} Stele) <0 
High polymer 
nucleic acid 
1 mg/ce NOs 6 13.8 + 3.9 3.8 + 4.0 3 
Nucleic acid from 
nucleoprotein 
.3 mg/ce iy SSS) 19.9 + 4.6 EAS) oe Se) SS) 


* Basal medium: Plasma clot, 40% horse serum, 60% Gey’s solution. 
+ Mean value and stand. error (Snedecor(17)). Six cultures/series except last supplement 


where 3 used. 


+ From first streptomycin precipitation, replacing 14 of Gey’s solution in culture. 


tein fraction as compared to outgrowth of 
similar cultures in the unsupplemented basal 
assay medium. The obvious increases in cul- 
tures containing the nucleoprotein fraction are 
further documented by the photomicrographs 
shown in Fig. 2, 3. Increases in surface area 
were also associated with characteristic alter- 
ations in cell morphology. In the unsupple- 
mented control cultures the cells were heavily 
granulated and densely massed without con- 
spicuous orientation (Fig. 4). In cultures 
containing the nucleoprotein fraction the out- 
growth zone was much less granular, with the 
marginal cells broad and flat, tending toward 
a looser, more radial arrangement (Fig. 5). 
It should be emphasized that the basal-assay 
medium contained undialyzed chicken plasma 
and horse serum. Consequently it has not been 
possible to separate the relative role of nucleo- 
protein and dialyzable factors in the total 
effect obtained. Synergism between these fac- 
tors has recently been demonstrated in dial- 
yzed assay media by Harris and Kutsky(18) 
and will be described later in more detail. 
Table II also includes data on areal in- 
creases in cultures supplemented with the 
supernatant (thoroughly dialyzed against 
Gey’s saline) from the first streptomycin pre- 
cipitation. The supernatant fraction was in- 
corporated at the level of 15% of the volume 


of the medium, replacing a like amount of 
Gey’s saline. It is apparent that the residual 
activity in the supernatant is small in com- 
parison to that of the streptomycin precipi- 
tate. 

Assays of the high polymer PNA prepared 
according to the method of Nishioka and 
Ibuka(9) were uniformly negative as were 
similar experiments with nucleic acid isolated 
directly from the nucleoprotein fraction(12). 
Neither of these preparations produced in- 
creases in surface area (Table II) or altera- 
tions in cell morphology similar to those seen 
with the nucleoprotein fraction. 

Discussion. The original isolation technic 
of von Euler and Heller(10) proved unsuit- 
able for chick embryo extract and was there- 
fore modified in the present experiments. 
Dialysis against distilled water to remove in- 
terfering salts as specified in the original pro- 
cedure partially denatured the chick embryo 
proteins. Homogenization in and precipita- 
tion from borate, suggested by experiments of 
Gros and Rybak(19), eliminated the initial 
dialysis and doubled the effectiveness of the 
first streptomycin precipitation. The original 
streptomycin sulfate concentration of M/800 
resulted in only a partial precipitation of chick 
embryo nucleoproteins, but when increased 
8-fold to M/100 gave a maximum yield. In 
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FIG. 2. Outgrowth of chick heart fibroblasts after 10 days in unsupplemented basal assay 


medium. xX 7%. 
FIG, 3. Outgrowth at 10 days in basal medium supplemented with nucleoprotein fraction in 


Gey’s saline. X 714. 

HIG. 4. Cellular detail at 10 days in culture of chick heart fibroblasts in unsupplemented 
basal medium. xX 122. 

PIG. 5. Similar view of culture containing supplementary nucleoprotein fraction in Gey’s 


saline.* x 122. 
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general, owing to the extremely fine precipi- 
tates formed by embryonic nucleoproteins, 
much higher centrifugal speeds were neces- 
sary than in the original method. The small 
residue of activity remaining in the super- 
natant after the first streptomycin precipita- 
tion may be due to the gradual nature of the 
precipitation of the chick nucleoprotein in 
contrast to the liver nucleoprotein. On stand- 
ing, this precipitate develops a coarse texture 
which sediments at lower speeds and for- 
tunately occludes less heme-protein than the 
initial fine precipitate. The presence of con- 
taminating heme-proteins was followed at 
their absorption maximum at 405 my. De- 
velopment of the coarse texture made it un- 
necessary to wash the precipitate and elim- 
inated the third and fourth reprecipitations 
of von Euler and Heller’s method which re- 
sulted in heavy losses. Trials with various 
salts revealed that substitution of M/3 potas- 
sium phosphate for M sodium chloride to 
break up the streptomycin-nucleoprotein com- 
plex and to dissolve the nucleoprotein fraction 
reduced the large volumes of solvent origin- 
ally required. Residual streptomycin asso- 
ciated with the nucleoprotein fraction could 
be split off by dialyzing against the phosphate 
and was checked by determining the increase 
in optical density at the streptomycin maxi- 
mum at 325 mw after incubation with alkali. 
The streptomycin when bound to the nucleo- 
protein loses its characteristic absorption maxi- 
mum at 325 mp. Von Euler and Heller’s pro- 
cedure made no provision for removal of the 
free lipids or the microsomes, whereas they 
are here removed by _ ultracentrifugation. 
Lyophilization preserves most of the activity 
of the redissolved nucleoprotein fraction but 
the material is slow to redissolve, about 30% 
remaining insoluble. The material retains its 
biological activity in the dissolved state for 
3 weeks when kept in the refrigerator. 

To check the possibility that streptomycin 
itself may have a stimulating effect in tissue 
culture, various concentrations (M/40_ to 
M/4000) were tested in culture in the same 
manner as was the nucleoprotein fraction. 
None of the concentrations were stimulating, 
indeed the higher ones were inhibitory. A 
similar inhibition was recently reported by 
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Fusillo, Metzger, and Kuhns(20). 

High polymer pentosenucleic acid (relative 
viscosity 2.4) isolated according to Nishioka 
and Ibuka(9) had no effect in tissue culture 
at 1 mg/cc and although biuret negative, 
showed a definite positive Sakaguchi test for 
protein. (See also slight inflection at 280 
my, Fig. 1). Similar material was also tested 
in cultures in the absence of horse serum at a 
level of .3 mg/cc with embryo extract present, 
likewise with no positive results. It is pos- 
sible that the positive results obtained by 
Katsuta and Takaoka(8) could be explained 
by a larger concentration of the contaminating 
active nucleoprotein fraction in their prepa- 
rations than in the present experiments where 
more sensitive protein tests were used. The 
nucleic acid isolated from the nucleoprotein 
fraction by the method of Grinnan and 
Mosher(12) also showed no activity (Table 
DT): 

A preliminary electrophoretic separation 
was performed on an early preparation of the 
nucleoprotein fraction through the courtesy 
of Dr. R. Trautman of the Donner Labora- 
tory of Medical Physics. This separation re- 
sulted in 4 subfractions of which only the 
major component was active when tested in 
culture. This component had an ultraviolet 
absorption spectrum similar to a nucleopro- 
tein. Culture tests of the minor subfractions 
showed no activity but these may have been 
too dilute to show an effect. Two of the 
minor subfractions resembled nucleic acids in 
their ultraviolet absorption spectra while the 
third subfraction gave no spectral evidence of 
an absorption maximum at 260 my. 

The small residual activity in the super- 
natant from the first streptomycin precipita- 
tion indicates that the nucleoprotein fraction 
contains most of the outgrowth-promoting 
substances of high molecular weight in chick 
embryo extract. The concentration series 
shows that a relatively large amount (0.7 
mg/cc) is required to elicit an optimal effect. 

A yield of approximately 2 g of lyophilized 
material has been obtained from 130 embryos. 
The nucleoprotein fraction gives positive 
biuret and Sakaguchi tests for protein. 
Analyses for nucleic acids (Table I) revealed 
that 0.3% DNA and 10.3% PNA were pres- 


LYXOFLAVIN IN STARTING RATIONS 


ent in 2 samples of lyophilized nucleoprotein 
fraction. The DNA is probably an inactive 
contaminant in the procedure, since culture 
tests on both low and high polymer DNA from 
various sources showed no stimulating effect. 


Summary. 1. A quantity isolation method 
is described for a chick embryo nucleoprotein 
fraction based on von Euler and Heller’s(10) 
procedure for liver nucleoproteins. 2. When 
this fraction was tested in an assay medium 
of undialyzd chicken plasma and dilute un- 
dialyzed horse serum large outgrowths of 
chick heart fibroblasts were obtained with 
well-defined alterations in cell morphology 
and mode of outgrowth. 3. The nucleoprotein 
fraction described contains protein, 10.3% 
PNA, 0.3% DNA and has a characteristic 
nucleoprotein absorption spectrum. 4. High 
polymer pentose nucleic acid isolated accord- 
ing to Nishioka and Ibuka(9) produced no 
changes in size or appearance of assay cul- 
tures. 


I am greatly indebted to Dr. Morgan Harris for 
helpful advice as well as for the provision of tissue 
culture and other facilities used in the research, to 
Dr. D. Mazia for consultation, use of the Spinco 
ultracentrifuge, lyophil apparatus, and samples of 
high polymer DNA, and to Miss C. Brode, Mr. L. 
Resseguie and Mr. D. Farquhar for technical assis- 
tance in tissue culture operations. A generous gift 
of streptomycin sulfate was made by the Eli Lilly Co. 
The photomicrographs used in this paper were taken 
by Dr. Harris and Mr. Victor Duran. 
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(Introduced by G. M. Briggs.) 


From the Department of Poultry Husbandry,+ University of Minnesota, St. Paul. 


Since Pallares and Garza(1) described the 
isolation of L-lyxoflavin there has been con- 


* Supported in part by the Northwest Feed Manu- 
facturers Assn., Minneapolis, Minn. and by Merck 
and Co., Rahway, N. J. 

t+ Present address: Larro Research Laboratories, 
Detroit, Mich. 


siderable interest in this compound in nutri- 
tion although there is still comparatively little 
published information concerning its essen- 
tiality in the diet. Emerson and Folkers(2), 
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working with hyperthyroid rats, reported that 
L-lyxoflavin had a growth promoting activity 
distinct from that obtained with various liver 
fractions. Wahlstrom and Johnson(3,4) used 
L-lyxoflavin in a synthetic milk for pigs and 
reported highly significant growth increases at 
7 weeks. Bruins e¢ al.(5) obtained a growth 
increase of about 10% when L-lyxoflavin was 
fed to chicks for an experimental period of 
2 weeks. Their diet was of a purified type 
and contained riboflavin. Cooperman e¢ al. 
(6), using the ration described by Bruins 
et al.(5), obtained a small response from feed- 
ing supplemental L-lyxoflavin, but no more 
than was obtained by the addition of supple- 
mental riboflavin at equivalent levels. Shorb 
(7) reported that L-lyxoflavin inhibited ribo- 
flavin competitively in the growth of L. casei 
in a riboflavin assay medium, but at high 
levels of riboflavin the L-lyxoflavin stimulated 
the growth of the organism. Ershoff(8) has 
reported that L-lyxoflavin is ineffective as an 
antithyrotoxic factor for rats although various 
liver substances were effective. 

Because of the conflicting results with this 
compound reported in the literature, we are 
presenting our studies. No previous results 
with turkeys have been reported. A number 
of experiments have been conducted in this 
laboratory using L-lyxoflavin in experimental 
diets for both turkeys and chickens. 

Experimental methods. All experiments 
were started with day-old poults or chicks and 
conducted for a period of approximately 4 
weeks. Each experimental group consisted of 
10 birds raised in standard electrically-heated 
batteries, with feed and water being supplied 
ad libitum. The turkey poults used were 
Broad Breasted Bronze of medium fast-grow- 
ing strains. The ration used in the turkey 
work was a corn-soybean oil meal type ration 
described by Sherwood and Briggs(9) modi- 
fied by the addition of 0.1% choline chloride, 
10 pg vit. By. and 10 mg procaine penicillin 
G per kg of ration. This ration calculates to 
be adequate in all other B-complex vitamins. 
In view of the recent report by Cooperman 
et al.(6) data from a separate experiment are 
shown in Table I which indicate that the basal 
ration was not improved by the inclusion of 
additional riboflavin or riboflavin rich ma- 
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TABLE I. Effect of Addition of Other Vitamins 
on 4 Week Weights of Turkeys. 


Exp. No. birds/ 28 day 
No. Supplement added Sex mortality wt 
1 0 — 10/0 575 
Dried brewers —_— 20/0 564 
yeast, 5% 

Be x6, 4 6/0 560 
Niacin, 40 mg/kg 3 6/0 367 
Riboflavin, 25 a 6/0 555 

mg/kg 
terials. The purified diet used in the chick 


trials was as follows: 59.2% glucose, 25% 
Alpha protein,’ 4% clarified corn oil, 6% salts 
3M,|| 5% cellulose, 0.6% DL-methionine, 
0.2% choline chloride and the following vita- 
mins (in mg/kg): thiamine hydrochloride, 
20; riboflavin, 8; calcium pantothenate, 20; 
pyridoxine hydrochloride, 6; biotin, 0.2; nico- 
tinic acid, 100; folic acid, 2; vit. By, 0.01; 
alpha tocopherol acetate, 10; menadione, 1. 
Vit. A was added at the rate of 20,000 IU/kg; 
vit. Ds 750 ICU/kg; and procaine penicillin 
G, 15 mg/kg. The chicks used were New 
Hampshire birds of a medium fast-growing 
strain. Mortality in all groups was negligible. 
The L-lyxoflavin used was crystalline L-lyxo- 
flavin obtained from Dr. Karl Folkers, Merck 
& Co., Inc., Rahway, N. J. We also used in 
one trial a concentrate containing 33 mg L- 
lyxoflavin/g. 

Results and discussion. The results of the 
experiments with turkeys are shown in Table 
II. In the first 2 experiments, in which only 
male birds were used, the differences in growth 
favored the poults fed the L-lyxoflavin-supple- 
mented diet by a highly significant margin. 
The percentage increase resulting from the use - 
of L-lyxoflavin was 12.0% and 17.6% in 
Exp. 1 and 2, respectively. In the third trial, 
in which poults of mixed sexes were used, the 
difference was 7.1%, but this difference was 
not significant at the 5% level. It is believed 


§ Alpha protein, an isolated soybean protein man- 
ufactured by The Glidden Co., Chicago, Ill. 

|| Salts 2M (Hill, E. G., and Briggs, G. M., Proc. 
Soc. Exp. Brot. AnD Mep., 1951, v76, 417) modified 
by replacing the ferric ammonium citrate with fer- 
rous ammonium sulfate to give equivalent amounts 
of iron. ; 
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TABLE II. Growth Response of Poults Resulting from Adding L-Lyxoflayin to a Corn-Soybean 


Ration. 


L-lyxoflavin 


added, No. birds/ 27 day Stand. 
Exp. No. mg/kg Sex mortality wt (g) error Bess 

1 0 3} 10/1 546 Se NOS 2.04 

25 3 fs 612 +t + 17.4 GW 

2 0 3 10/2 535 + 34.9 1.94 

35 A 10/0 629t = 20.8 1.84 

3 0 2 & Sa 537 1.92 

0 Q+ 2 a 532 + 14.9§ 1.95 

33 OF isnO 10/1 583 1.98 

334 aio 11/1 572 + 16.58 2.10 


* PF. E. = feed efficiency, or 


g feed consumed 


net g gained 


t Wt increase compared to control, significant at 19 level by ‘‘t’’ test. 
¢ Lyxoflavin added in form of concentrate. 
§ Duplicate groups considered together. 


TABLE III. Growth Response of Chicks Fed a Purified Diet Supplemented with L-Lyxoflavin. 


13 experiments. 


Series No.* 43 45 46 48 
Sex od Rab ose 3d 
Na ‘ aaa Ne ca 
4wk 4 wk 4 wk 4 wk 
Supplement to basal wt,g S.E.t wt,g S.E.t wt,g S.E.t wt,g S.Et 
Basal alone 295 + 7.2 335 + 12.1 317 + 9.5 329 ss 10 
25 mg L-lyxoflavin/kg SUG me OG. Sapilice a2, 
10% soybean oil meal 335 + 10.7 338 + 10.0 
Basal minus cellulose + 10% soybean oi! meal 350 + 13.1 
As gp. 4 + 25 mg L-lyxoflavin/kg 360 + 10.5 
10% dried whey product ++ 25 mg L-lyxoflavin/kg 330 + 12.9 
10% torula yeast + 25 mg L-lyxoflavin/kg 324 + 10.6 
10% whey product + 10% torula yeast 3309 + 7.4 
As gp. 8 + 25 mg L-lyxoflavin/kg 341 + 10.6 
5% torula yeast Boor teO at 
As gp. 10 + 25 mg L-lyxoflavin/kg 842 + 8.4 
As gp. 10 + 10 mg % orotic acid 349+ 6.8 
336 + 8.3 


As gp. 12 + 25 mg L-lyxoflavin/kg 


* 20 New Hampshire chicks per group. 


that the smaller response in the third experi- 
ment was due to the use of birds of mixed 
sexes, as females do not usually grow as fast 
as males. 

Feed efficiency was slightly improved when 
L-lyxoflavin was added to the diets of male 
poults, but this was not the case when poults 
of mixed sexes were used. 

The results of the trials with male chicks 
are shown in Table III. In no case did the ad- 
dition of L-lyxoflavin result in any growth im- 
provement that could be considered signin- 
cant. In this respect we have failed to cor- 
roborate the findings of Bruins et a/.(5) even 
though the.diet used in these experiments was 


+ Stand. error of the mean, 


similar. It will be noted that orotic acid also 
failed to give any growth response with this 
diet. Further, the combination of orotic acid, 
L-lyxoflavin and dried yeast failed to result 
in any growth response over the dried yeast 
alone or the dried yeast plus the L-lyxoflavin. 
Similarly in trials not presented in Table III 
no growth response was noted with 20 chicks 
fed a corn-soybean diet supplemented with 
L-lyxoflavin, crystalline riboflavin, vit. By» 
and procaine penicillin G in 2 trials. 

No explanation can be offered as yet for the 
small growth stimulating action of L-lyxo- 
flavin. Emerson and Fokers(2) suggested 
that it was of vitamin nature; but before this 


398 


compound can be accepted as a vitamin, evi- 
dence for its existence in natural foods must 
be found. Before the growth-promoting ef- 
fect of L-lyxoflavin can be considered of prac- 
tical importance, studies must be made with 
this compound using diets of a more varied 
nature including a wider range of natural feed 
ingredients. Studies of this nature are at 
present in progress. 


Summary. In trials with turkey poults 
highly significant growth responses were ob- 
tained with male poults fed a corn-soybean 
diet supplemented with L-lyxoflavin. Chicks 
fed purified diets failed to show a growth re- 
sponse when the diet was supplemented with 
L-lyxoflavin. 


We wish to thank Merck and Co., Inc. for the 
L-lyxoflavin and crystalline vitamins, Lederle Labora- 
tories for crystalline folic acid, and Professor T. H. 
Canfield for sexing the birds. 
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The ethylenimines have been shown to be 
effective in producing regressions of certain 
transplantable tumors in rats(1-3). These 
compounds will inhibit growth and cause cel- 
lular destruction of the tumor tissue at con- 
centrations which will not produce any de- 
monstrable changes in normal tissue. At 
higher concentrations, however, they will in- 
hibit the growth of the testes and white blood 
cells(2,3). Still higher concentrations will 
cause general tissue damage. Studies have 
been started, therefore, to determine the spe- 
cific effects of these compounds upon the 
various tissues together with their distribution 
throughout the body. A preliminary report is 


* Radioactive. 

t Supported in part by a grant-in-aid from the 
American Cancer Society upon recommendation of 
the Committee on Growth of the National Research 
Council and by the Calco Chemical Division of the 
American Cyanamid Co. 


presented here of the distribution in rats of 
P* from N, N’, N”-triethylenephosphoramide 
(TEPA*). 

Materials and methods. Fifty-eight 
Sprague-Dawley male rats (175-200 g) were 
divided into 3 groups, 2 of which were im- 
planted subcutaneously with the Flexner- 
Jobling carcinoma, the third group serving as 
a control. Ten days after transplantation, 
each of 24 rats in Group A bearing the tumors 
received one dose subcutaneously of TEPA*, 
5.0 mg/rat, (900; ue) P/rat), (1255) x2 
CPM/ug P). In Group B the 16 control rats 
were treated with TEPA* at the same dosage 
level as the rats in Group A. The 18 rats in 
Group C bearing the tumors were injected 
subcutaneously with NasHPO,*, 4.3 mg/rat, 
(400 pg P/rat); (7.16 x 10® CPM/ng Ps 
At 1, 2, 15, and 30 hours following injection 
of the tagged compound, several animals from 
each group were autopsied. Samples of liver, 
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TABLE I. Distribution of P® after Injection of TEPA* or Na,HPO,* into Rats. Each average 
represents data from 6 animals in the tumor groups and four in the control groups. 


Interval after injection 


lhr 2. hr 15 hr 30. hr 
(ae wg P* per g of wet tissue 
Group Avg Max Min Avg Max Min Avg Max Min Avg Max Min 
TEPA*-Control 
Liver 3.3 4.6 2.4 3.0 Bb 2.0 2.9 3.0 2.8 2.5 3.0 17 
Testis 3.6 4.6 1.9 4.0 4.7 3.7 1.4 ey A 1.0 12 0.7 
Kidney 4.8 6.1 3.3 4.9 6.4 ee) ike 1.4 ee 12 1.4 el 
Spleen 2.4 oo 1.8 2.7 2.9 2.5 4.8 6.1 4.1 7.0 8.3 5.8 
Bone 1.9 2.3 1.0 Wao) re} 1.8 4.5 4.8 4.0 4.8 6.2 B55) 
TEPA*-Tumor 
Liver 3.6 4.8 2.5 2.9 4.3 2.0 2.6 Ore 2.0 2.6 Gall 2.0 
Testis 2.5 4.9 0.5 Silt Dall 0.6 al ery 0.6 0.9 deat 0.7 
Kidney 55) Sil +A 6.3 14.4 1.4 2.0 2.8 1.6 1.6 2.6 1.0 
Spleen 2.5 4.3 0.4 2.8 3.9 0.8 2.8 3.4 Bail 2.9 4.7 1.9 
Bone 2.5 5.7 lle} 2.2 3.3 1.0 4.5 5.4 3.9 5.3 6.0 4.7 
Tumor 2.7 4.0 0.5 2.4 4.1 12 Papil 2.4 1.8 3.3 4.8 Peel 
Na,HPO,*-Tumor 
Liver 8.3. 10.0 7.4 6.7 10.0 3.8 3.0 4.2 2.4 
Testis 4 ans 3 4 atl =! al 533 0 
Kidney IO): Sa 6.0 4.4 Oya) Sift 1.8 2.0 1.6 
Spleen 4.3 5.6 Sil 2.9 3.6 Qa Pao 3.0 1.8 
Bone 9.4 11.0 Bysil L329 18 e7, 9.7 USE, alas, | UPIl 
Tumor 4.9 5.9 4.6 3.0 4.2 3t5 2D 3.0 2.0 
* Radioactive. " 
kidney, testes, spleen, bone, and tumor were tion. The homogenate was centrifuged for 


taken for assay. Weighed samples of each 
tissue were digested in a mixture of HNO; 
and H2SO,, 1:1, and 100 X aliquots of the di- 
gest were counted with an end window (1.4 
mg/cm?) GM counter. Urine and fecal sam- 
ples were collected from 6 rats of Group A 
and 4 rats of Group B for 24 hours following 
injection of the tracer. The samples were 
pooled within each group and prepared for 
counting as described above. Blood samples 
were obtained at the 2-hour interval from 6 
rats in Group A and 4 rats in Group B and 
pooled within each group. Both plasma and 
serum were prepared and fractioned as follows. 
The globulins were precipitated by % satura- 
tion with (NH,4)2SO,. The remaining pro- 
teins were precipitated, first with sulfosalicylic 
acid and then phosphotungstic acid. P*® 
activities were determined on these 3 resultant 
filtrates as well as on the original serum and 
plasma. Samples of the liver, testes, and 
tumor obtained from Groups A and B at the 
2-hour interval were fractioned for cellular 
components according to Schneider and Hoge- 
boom(4). To do this, tissue was homo- 
genized with ice cold (0.25 M) sucrose solu- 


10 minutes at 700 x gravity, a procedure that 
separates nuclei from cellular components in 
liver tissue. Similarly, the mitochondria of 
liver cells were separated by centrifugation at 
5000 x gravity and the microsomes at 25,000 
x gravity. Since cellular particles have not 
been studied in detail in the testis and tumor 
tissues, the particles separated by this pro- 
cedure will be characterized in terms of 
gravity. 

Results. Distribution in tissues. The distri- 
bution of P* following injection of tagged 
TEPA* or NasHPO,* in various tissues of the 
rat is recorded in Table I. These data illus- 
trate the rather uniform distribution of P® 
activity from TEPA* throughout the body 
including the tumor. However, the P* fol- 
lowing injection of TEPA* concentrated more 
rapidly in the testes and less rapidly in bone 
than following injection of inorganic phos- 
phate. There was a marked increase in ac- 
tivity in the spleen over a period of 29 hours 
(2.4 to 7.0 ng P*”/g spleen) in normals receiv- 
ing TEPA*. The average size of the spleen 
was 300 mg/100 g body weight making an 
average of 2100 pg of P* in the entire spleen 
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TABLE II. Distribution of P® following Injection 

of TEPA* in Cellular Fractions in % of Total 

Activity. Particle size recorded in terms of gravity 
used for centrifugation. 


700 5000 25000 
x x x 
Animal Tissue gravity gravity gravity Soluble 
Normal Liver 20.0 4.8 6.7 68.5 
Tumor- 6 18.3 5.8 5.4 FOL 
bearing 
Normal Testis 22.2 See 4.2 70.5 
Tumor- i? 27.4 ee real 68.0 
bearing 
He Mbiysaakope wales) 3.8 4.3 Ox), 
* Radioactive. 
30 hours following injection of TEPA*. The 


pe of P®*/g of spleen on the other hand, re- 
mained essentially constant in tumor-bearing 
animals. The size of the spleen, however, was 
increased in these animals to 900 mg/100 g 
body weight making the total activity at the 
end of 30 hours 2610 pg P**, almost identi- 
cal with the normal spleens. Concentration of 
P** from TEPA* in the spleen may be asso- 
ciated with specific effects on the reticuloendo- 
thelial system. 

Distribution in the cells. One type of meas- 
urement of the distribution of P* from 
TEPA* in liver, testes, and tumor cells is 
illustrated in Table Il. These data indicate 
a combination of P®? with the nuclei and/or 
other relatively heavy cell components as 
separated by centrifugation at 700 x gravity. 
Very little activity was found in lighter par- 
ticles separated by 5000 or by 25,000 x grav- 
ity. Approximately 70% of the activity re- 
mained in the soluble fraction not thrown out 
by centrifugation. This soluble P?? remained 
in the filtrate after precipitating proteins with 
phosphotungstic acid. 

Distribution in plasma. Two hours after 
injection of TEPA*, tagged with P**, blood 
samples were taken from control and tumor- 
bearing rats. Approximately 60% of the P*? 
activity of either serum or plasma was pre- 
cipitated from solution with the globulin frac- 
tion. The remaining 40% was in solution 
even after precipitating the proteins and poly- 
peptides with sulfosalicylic acid and phospho- 
tungstic acid. These results together with 
those presented previously suggest that 
TEPA* can combine with certain proteins, 
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possibly thereby inhibiting some metabolic 
pathways. 

Excretion. The activity in the excreta col- 
lected over a period of 24 hours following the 
injection of TEPA* was identical in normal 
and tumor-bearing animals. In both groups, 
62% of P** was excreted in the urine and 5% 
in the feces. It is possible that the small 
amount in the feces came from contamination 
with urine since an exact separation of these 
two products of excretion is difficult. These 
data demonstrate, however, that a large por- 
tion of the P*? has been excreted from the 
body 30 hours following a single injection of 
TEPA*. 

Summary. The distribution of P*? follow- 
ing the injection of tagged TEPA* resulted 
in a fairly uniform distribution of P** activity 
throughout the tissues of the body, but there 
was a greater concentration in the testes and 
a smaller concentration in bone as compared 
with injection of inorganic phosphate. There 
was a gradual accumulation of P®* in the 
spleen over a period of 30 hours following 
injection of TEPA*, a result not observed 
with inorganic phosphate. Approximately 
60% of the P* activity in serum or plasma 
was associated with the globulin fraction, the 
remainder being in solution after precipitation 
of all proteins. About 20% of P®? was asso- 
ciated with nuclei and/or relatively heavy 
cellular components from liver, testes, and 
tumor tissue, most of the remaining activity 
being found in the protein-free filtrate. Some 
65% of the activity was excreted over a 
period of 30 hours. 


We are indebted to Dr. C. M. Judson of the 
Stamford Laboratories, American Cyanamid Co., 
for assistance in the preparation of the tagged 
TEPA.* 
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Valve-Like Action of Segment of Aorta Communicating Between Chambers 


of Left Atrium and Left Ventricle.* 
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From Jacques Loewe Research Foundation Laboratories, Jewish Iospital of Brooklyn. 


This is a report of the experimental testing 
of a concept which may prove to be useful in 
the surgical correction of mitral valve insuf- 
ficiency. It was reasoned that a simple flex- 
ible tube leading from the atrium, through the 
mitral valve orifice and opening into the 
chamber of the left ventricle would itself 
function as a primitive valve. What was 
meant by a primitive valve was merely that 
the flow of fluid from the atrial end of the tube 
into ventricle during diastole would be unim- 
peded whereas retrograde flow through the 
communicating tube during systole would not 
take place. It was felt that retrograde flow 
would be prevented by the abrupt elevation of 
pressure within the ventricular cavity, which 
being exerted equally on all sides of the ven- 
tricular end of the tube, would simply collapse 
the lumen by apposing the walls. When the 
ventricular pressure declined at the termina- 
tion of systole and finally fell below that exist- 
ing within the atrial end of the tube, the walls 
would again be forced open and the lumen 
restored. 


Methods. Adult dogs were anesthetized 
with Nembutal and the heart was exposed by 
removal of the 5th and 6th ribs on the left 
side. Respiration was maintained by a pneu- 
matic balance respirator supplying intermit- 
tent positive pressure oxygen. In these acute 
experiments, the intracardiac tube was fash- 
ioned from sections of aorta. Both dog and 
cattle aortic segments have been used. The 
latter were employed because of their greater 
diameter. The insertion into the heart of 
these tubes was arranged so as to yield data 
concerning the validity of the anticipated 
valve-like action. Problems of the behavior of 
this system under long term conditions were 
not approached. A blunt probe bearing a 
heavy silk suture was inserted through the left 
ventricular wall at the apex and was passed 


* Aided by a grant from the Udo M. Reinach 
Fund. 


through the mitral valve into the left atrial 
appendage and brought out through the atrial 
wall at this point. The suture was removed 
from the probe and joined to the lower end of 
the aortic segment. The wall of the atrial 
appendage was cut open around the initial 
probe opening and the aortic segment was 
drawn through this atrial opening into the 
ventricular cavity. The suture was then fixed 
to the ventricular myocardium to hold the 
ventricular end of the aortic segment in place 
and the atrial appendage was sutured to the 
adventitia of the proximal end of the aorta 
to effect a water-tight closure. Pressure within 
the aortic segment was determined ‘through a 
No. 8 F cardiac catheter which was inserted 
into the portion of the aortic segment lying 
within the ventricular cavity and then slowly 
withdrawn into the atrial portion. The por- 
tion of the aorta which protruded through the 
atrial chamber and opened to the outside was 
kept sealed about the catheter during the de- 
terminations of pressure. The recordings of 
pressure were obtained with a Sanborn elec- 
tromanometer and a direct writing 4 channel 
Polyvisocardiograph. The volume of flow of 
fluid through this intracardiac tube was de- 
termined by attaching its open end to wide 
lumen polythene tubing which led to a saline 
filled reservoir. The pressure at which flow 
took place was ascertained by measuring the 
height of the column of fluid at the start of a 
one-minute flow period and its height at the 
conclusion. The average of these 2 values was 
taken at the mean pressure for that particular 
flow period. Intraventricular injections of 
l-arterenol were given to observe the effect of 
great increases in ventricular pressure upon 
the pressure within the atrial end of the seg- 
ment. In order to eliminate any possible 
valve-like action of the mitral valve or an- 
nulus fibrosis upon the aortic segment, flows 
were determined through a rigid tube passed 
into the aortic segment to a point just beyond 
the mitral valve. Animals were sacrificed at 
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COMMUNICATION BETWEEN LEFT ATRIUM AND VENTRICLE 


Doe 7 y a 


FIG. 1. Pressure pulses within the intracardiac aortic segment. These pres 


VERE 


sures were recorded 


as a cardiac catheter was slowly advanced from the atrial portion of the aortic segment (A), 
into the ventricular portion (B), and then withdrawn into the atrial portion (A). Pressure in 
mm of Hg is shown at the left. Speed of paper = 10 cm/sec. 


the conclusion of the determinations and the 
proper position of the aortic segment was 
verified in all experiments. 

Results. Pressure values were obtained in 
9 dogs within the ventricular and atrial por- 
tions of the aortic segment. The mean value 
and standard deviation of the systolic pres- 
sures within the ventricular portion were 104 
+ 12.5 mm Hg. Diastolic pressures in the 
same area ranged between zero and 4 mm Hg. 
The mean value and standard deviation of 
pressures within the atrial portion were 12 + 
3.4mm Hg. The average pressure of 12 mm 
Hg within the atrial portion is not much 
greater than that observed normally in the left 
atrium of dogs (2-10 mm Hg) and would be 
compatible with a pulmonary capillary pres- 
sure well below that necessary to produce pul- 
monary edema. 

Recordings of pressure were made in 3 ani- 
mals during acute hypertension resulting from 
injection of l-arterenol. Ventricular systolic 
pressures were raised to heights of 360, 280 
and 330mm Hg. The corresponding pressures 
within the atrial portion of the aortic segment 
were, respectively, 16.0, 16.3, and 20.0 mm 


TABLE I. Flow Values in 8 Dogs. 


Flow (ce saline), Mean pressure, 


min, mm Hg 
250 10 
240 24 
185 17.6 
400 17.6 
197 15.8 
220 15.6 
225 15.1 
125 19.0 
Avg 230 16.8 


Hg. The existence of a great pressure differ- 
ential between the ventricular and atrial por- 
tions of the aortic segment is offered as evi- 
dence as the predicted valve-like action. It 
might be pointed out that this change in pres- 
sure occurs abruptly. This is shown in Fig. 1 
which is a typical tracing obtained by slowly 
advancing a cardiac catheter from the atrial 
to the ventricular portion of the aortic seg- 
ment and then slowly withdrawing it. 


In order to demonstrate that ventricular 
filling would take place through this aortic 
segment, observations were made on the vol- 
ume of saline which flowed from a reservoir 
through the aortic segment into the left ven- 
tricle. By raising or lowering the reservoir 
various levels of pressure could be maintained. 
The average flow per minute was 230 cc with 
a range of 125 to 400 cc and the average pres- 
sure at which these flows took place was 16.8 
mm Hg with a range of 10 to 24 mm Hg 
(Table I). During the period of saline flow 
from reservoir to ventricle, no reverse flow of 
blood from ventricle to reservoir was observed. 
Ventricular systole merely caused an abrupt 
cessation of orthograde flow, at which time, a 
marked water-hammer effect was observable. 
If the protruding end of the aortic segment 
remained open to the atmosphere some back 
flow of blood was observed. This was the re- 
sult of retrograde filling of the tube during 
diastole and the expulsion of this blood when 
ventricular systole reduced its volume. The 
maintenance of a modest continuous pressure 
from the saline reservoir completely prevented 
this back flow. 


Summary. The valve-like action of a sim- 
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ple segment of aorta leading from the left 
atrium into the cavity of the left ventricle has 
been demonstrated. Orthograde flow from a 
reservoir of saline through the aortic tube 
into the left ventricle has been shown to occur 
in the living animal. No regurgitation has 
been observed. This observation has been 
documented by means of pressure determina- 
tions obtained within the portion of aorta 
lying in the left ventricle and that in the left 
atrium. An average systolic pressure of 104 
mm Hg was observed in the ventricular por- 
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tion and an average mean pressure of 12 mm 
Hg in the atrial portion. This demonstration 
of orthograde flow during diastole without 
retrograde flow during ventricular systole is 
felt to constitute evidence of an effective 
valve-like action. 


The authors wish to express their gratitude to Mr. 
Paul Geller, Dr. Ruth Kaslow, and Mrs. 
Rachlin for their assistance. 
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Influence of Low Protein Diet on Distribution of D-Amino Acid Oxidases 


in Rats.* 


C. Hocu-LicEtT1. 


(20372) 


(Introduced by C. L. Gemmill.) 


From the Department of Pathology, University ef Virginia Medical School, Charlottesville, Va. 


In connection with a series of experiments 
on the influence of nutrition on the develop- 
ment of hepatic tumors, the effect of nutri- 
tional factors on the amino acid oxidases was 
studied. A decrease of amino acid oxidases 
was found previously in hepatic tumors(1-3) 
as well as with the livers of rats bearing trans- 
planted liver tumors. 


The present investigation attempted to an- 
swer the following questions: a) do nutritional 
factors influence the levels of amino acid 
oxidases, b) is such an influence general or 
restricted to any one organ, and c) does the 
administration of an estrogen together with a 
low protein diet produce any changes in the 
level of amino acid oxidase. The impairment 
of the detoxication of estrogens on low protein 
diet has been described(4). Experiments on 
the possibility of the production of hepatic 
tumors by estrogens added to a low protein 
diet are being carried out in this laboratory. 
In the rat, amino acid oxidases are present in 
appreciable quantities only in the liver and in 
the kidneys(5). In both organs a general 
D-amino acid oxidase has been demonstrated. 
In addition, a specific D-aspartic acid oxidase 


* This investigation was supported by a research 
grant from the National Cancer Institute, National 
Institutes of Health, Public Health Service. 


has been found in pig kidneys(6). In the 
present experiment the amino acid oxidases 
were studied both in the liver and in the 
kidney. Although next to D-L-alanine, D- 
aspartic acid was used as substrate, no at- 
tempt was made to separate the activity of 
the general D-amino acid oxidase from the 
specific D-aspartic acid oxidase. 

Materials and methods. Young Wistar rats 
of both sexes, weighing 70-90 g at the begin- 
ning of the experiment were divided into 3 
groups; one was kept on a full diet, one on a 
low protein diet, and a third group on a low 
protein diet with the addition of alpha 
estradiol. Rats fed on rat biscuits served as 
control on full diet. The low protein diet 
consisted of: Protein (vitamin-free casein) 
8.5%, carbohydrate (sugar and cornstarch) 
70%, fat (lard and vegetable oil) 17%, salt 
mixture 3.5%, and cod liver oil 1%. Vit. B 
and E were given to 1000 g of diet in the fol- 
lowing amounts: thiamin hydrochloride 6 mg, 
pyridoxin 20 mg, inositol 15 mg, choline di- 
hydrogenphosphate 100 mg, calcium panto- 
thenate 20 mg, and alpha tocopherol 30 mg. 
Food and water were given ad lib. Alpha 
estradiol was fed to half the number of the 
rats on the experimental diet. Each of these 
rats received orally by eye dropper 5 yg 
estradiol dissolved in 0.1 ml olive oil daily 
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with the exception of Sundays. Rats were 
killed at intervals, after having been on the 
experimental diet, with and without addition 
of estradiol for at least 3 months. The D- 
amino-acid oxidase was determined by meas- 
uring the oxygen uptake of liver and kidney 
homogenates in the presence of substrate by 
the Warburg technic. Each vessel contained 
200 mg of homogenate, 0.3 ml of a 0.3% D-L- 
alanine or D-aspartic acid and M/15 phos- 
phate buffer of pH 8.4. The central cup con- 
tained 0.2 ml of 20% potassium hydroxide. 
The total fluid volume was 3 ml. The experi- 
ments were carried out in duplicate at 38°C. 
Readings were taken every 10 minutes through 
1-3 hours. The activity of D-amino-acid 
oxidase was calculated as milliliters of oxygen 
taken up by one g of wet tissue during one 
hour. 

Results and discussion. All rats on low pro- 
tein diet showed fatty livers; the male rats re- 
ceiving estradiol showed pronounced cirrhosis 
and 4 out of 28 had cholangiomas. (This part 
of the experiment is now being repeated and 
will be reported at a later date.) The weights 
of the livers of rats on low protein diet were 
increased compared with the liver weights of 
rats on the normal full control diet. The other 
organs, with the exception of the genital or- 
gans of rats receiving estradiol, did not show 
significant differences between the rats on the 
experimental and on the control diet. 

Since the effect of feeding the low protein 
diet on the D-amino acid oxidase was the same 
whether the rat received this food for 3 or for 
9 months, and since it was found to be the 
same in the organs of male and female rats 
the results are discussed together. In every 
experiment the oxygen uptake of liver and of 
kidney was the same with alanine or with as- 
partic acid as substrate. Table I shows that 
the level of D-amino acid oxidases of the kid- 
neys are the same in the control rats on full 
diet and in both groups of experimental ani- 
mals on the low protein diet. The level of 
D-amino acid oxidases in the livers of rats on 
low protein diet dropped to about half of the 
values found in the rats receiving a normal 
full diet. No difference was found in the ac- 
tivity of D-amino acid oxidase in the liver of 
the rats on low protein diet on addition of 


TABLE I. D-Amino Acid Oxidases in Livers and Kidneys of Rats on Low Protein Diet. 
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estradiol, though cholangio-fibrosis, and cir- 
rhosis of the liver was more marked in the 
latter groups. The increase in the weight in 
the liver of rats on low protein diet is propor- 
tionally much smaller than the decrease in the 
level of the amino acid oxidases, accordingly a 
possible dilution of the enzyme in the liver 
cannot be taken as an explanation. In pre- 
vious experiments(7) both components of the 
D-amino acid oxidase, the co-ferment ribo- 
flavin and the protein was estimated separately 
in liver of rats on protein free diet. The de- 
crease in the amino acid oxidase in the livers 
could not be accounted for by the decrease 
of the riboflavin in the livers, and was thought 
to be due to a decrease of the specific enzyme 
protein. The amino acid oxidases in other 
organs were not studied. In view of the ac- 
tive participation of the liver in the protein 
metabolism, the finding in the present experi- 
ment that on reduction of dietary proteins a 
decrease of the amino acid oxidase occurred 
in livers only, might be of physiological im- 
portance. 


Summary. 1. D-amino acid oxidases in 
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livers and kidneys of rats on a low protein 
diet with or without addition of alpha estradiol 
have been compared with those of rats on a 
full diet. 2. The levels of D-amino acid oxi- 
dases in the kidneys was the same in all 3 
groups. 3. In livers of rats on low protein 
diet, irrespective of feeding of alpha estradiol, 
the level of D-amino acid oxidases dropped to 
about half of that found in rats on full diet. 


The author wishes to thank the Schering Corp., 
Bloomfield, N. J., for donating the alpha estradiol 
used in this experiment. 
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Histochemical Studies on Glycogen Deposition in Uterus of the Rat* 


Ill. Effect of Starvation. 


(20373) 


WALTER J. Bot AND WILLIAM B. ATKINSON. 
From the Department of Anatomy, University of Cincinnati College of Medicine, Cincinnati, O. 


It has been shown recently that glycogen is 
deposited in the smooth muscle of the uterus 
of the rat under the influence of estrogen, 
whereas progesterone, androgen and adrenal 
cortical extract each fail to produce this effect 
(1-3). This action of estrogen on the uterus is 
independent of both tthe adrenal cortex and hy- 
pophysis(2,3), but is, in a sense, analogous to 
the role played by the hormones of the latter 
organs in the deposition of glycogen in the 
liver and skeletal muscle. The glycogen con- 


* This investigation has been aided by a grant 
from the Montgomery ‘County Society for Cancer 
Control, Dayton, O. 

+ Montgomery County Cancer Fellow. 
address: Department of Anatomy, Univ. of North 
Dakota Coll. of Med., Grand Forks, N. D. 


Present 


tent of the liver and skeletal muscle remains 
within normal limits in adrenalectomized (4) 
and hypophysectomized(5) animals provided 
a good nutritional state is maintained. Rela- 
tively short periods of fasting, however, result 
in a sharp reduction of liver glycogen in ad- 
renalectomized animals and of both liver and 
skeletal muscle glycogen in hypophysecto- 
mized animals, although normal levels are 
promptly restored following treatment with 
the appropriate adrenal cortical or hypophy- 
seal hormones(6,7). 

The glycogen content of the uterus of intact 
and estrogen-treated castrate rats is not re- 
duced by fasting(3). Whether estrogen can 
induce glycogenesis in the uterus after deple- 
tion of carbohydrate reserves, however, is not 
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TABLE I. Amount and Distribution of Glycogen in Uteri and Livers of Fasted and Unfasted 
Rats Treated with Estrogen. 


De, a 


Uterus =a 
—Myometrium—, Endometrium———_, 
No. of Outer Inner Epithe- 
Treatment* animals long. GILG: lium Glands Stroma Liver 
Not fasted 
Ovariectomized 5 ++++ ++ + 0 0) ++++ 
Ovariectomized- 6 ++tt++ +4 ++ 0 0 + ++ 
hypophysectomized 
Fasted 
Ovariectomized 5 +4+4++- ++ aa 0 0 a 
Ovariectomized- 7 ++4++ 4+ 0 0 0 


hypophysectomized 


* All animals given ‘one subcut. inj. of 20 pg of estradiol dipropionate and sacréficed 48 hr 


later. 


known. The present experiments were de- 
signed, therefore, to determine the efficacy of 
estrogen in inducing glycogen deposition in 
the uteri of ovariectomized and ovariecto- 
mized-hypophysectomized rats starved prior 
to the beginning of hormonal treatment. 


Materials and methods. Twenty-three adult 
female Wistar rats were bilaterally ovariecto- 
mized and divided into 4 groups as follows: 
1) 5 animals were injected with 20 pug of 
estradiol dipropionate? at 3 P.M. of the 10th 
day after ovariectomy and were sacrificed 48 
hours later; 2) 5 animals were treated as in 
Group 1 except all food was withheld begin- 
ning at 9 A.M. of the day on which they were 
injected with estrogen; 3) 6 animals were 
hypophysectomized on the Sth day after 
ovariectomy, injected with 20 yg of estradiol 
dipropionate at 3 P.M. on the 10th day after 
hypophysectomy and were sacrificed 48 hours 
later; 4) 7 animals were treated as in Group 
3 except all food was withheld after 9 A.M. 
of the day on which they were injected with 
estrogen. When not fasted, the rats were 
maintained on Purina Chow ad libitum. 
Drinking water was available at all times. 
Crystalline hormone was injected subcutane- 
ously, the dose being dissolved in 0.20 ml of 
cottonseed oil. At the termination of the ex- 
periment the animals were killed with chloro- 
form and were autopsied immediately. They 
were examined grossly to ascertain the com- 


t Estradiol dipropionate used in these studies sup- 
plied through the courtesy of the Ciba Pharmaceutical 
Products, Inc., Summit, N. J. 


plete removal of the glands in question. Small 
pieces of uterus and liver were fixed in cold 
picro-alcohol-formalin and glycogen was sub- 
sequently demonstrated by the periodic acid- 
leucofuchsin technic previously described(1). 

Observations. The results are summarized 
in Table I. In both the ovariectomized and 
ovariectomized-hypophysectomized rats fed 
ad libitum the deposition of glycogen in the 
uterus was similar to that described in our 
previous studies, 7.e., considerable amounts 
accumulated in the longitudinal layer of the 
myometrium and in the mesometrial region of 
the circular layer, smaller amounts being 
found in the remainder of the circular muscle. 
No glycogen was detected in either the epi- 
thelium of the endometrial glands or in the 
cells of the stroma. 

In our previous studies glycogen deposition 
was not observed in the lining epithelium of 
the uterine lumen. However, in the present 
experiments, due presumably to the consider- 
ably larger dose of estrogen used, glycogen 
appeared in the lumenal epithelium. It was 
somewhat variable in amount and distribution 
in each uterus, some areas of the epithelium 
being free of the material, others containing 
small to moderate quantities. The over-all 
deposition was somewhat greater in the hypo- 
physectomized castrates than in the castrates 
with intact hypophyses, but probably no 
special significance should be ascribed to this 
observation. 

The livers of the fed ovariectomized rats 
showed extensive glycogen deposition, the 
parenchymal cells throughout the hepatic 
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lobules being more or less uniformly filled 
with granules. In the fed hypophysectomized 
castrates, however, the amount of gylcogen in 
the cells in the outer one-third of the lobules 
was considerably reduced. 

The glycogen content of the uteri of the 
starved ovariectomized and ovariectomized- 
hypophysectomized rats was not discernibly 
different from that of the fed ovariectomized 
animals described above. The liver glycogen 
in the starved animals, on the other hand, was 
greatly reduced compared with that present in 
the fed rats. In the starved ovariectomized 
animals there was sparse deposition only in 
the cells in the central portions of the lobules, 
- whereas in the hypophysectomized castrates 
glycogen was completely absent. 


Discussion. Carbohydrate metabolism is 
regulated to a considerable extent by the pan- 
creas, anterior pituitary and adrenal cortex 
through their hormonal influence on the 
utilization of glucose by skeletal muscle and 
other peripheral tissues .and through their 
effects on the storagg and release of glucose 
by the liver. It should be noted that these 
various endocrine factors which affect carbo- 
hydrate metabolism in the living animal are 
not necessarily essential to the biochemical 
processes concerned in the storage and utiliza- 
tion of sugars, e.g., in the hypophysectomized- 
adrenalectomized animal the levels of blood 
glucose and liver glycogen are maintained 
within normal ranges provided the animals 
are well nourished. Furthermore, many of the 
biochemical processes involved in carbohy- 
drate metabolism have been demonstrated to 
proceed in vitro in the absence of all hormonal 
influence. 

Little interest has been taken to date in the 
carbohydrate metabolism of smooth muscle or 
in its regulation by the endocrine glands. The 
observations of Walaas(3) and of the present 
authors(1,2) on the glycogenetic effect of 
estrogen on the uterine muscle in the rat have 
indicated that the synthesis and deposition of 
glycogen in this tissue proceed in the absence 
of the pituitary and adrenal cortex; the 
present study has demonstrated that estrogen 
remains effective as a stimulant for glyco- 
genesis even if the carbohydrate stores of the 
animal are first depleted by starvation. The 
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biochemical mechanisms involved remain ob- 
scure. It seems reasonable to assume, how- 
ever, that the effect of estrogen is directly on 
the uterine muscle either through’ facilitation 
of glycogenesis from blood glucose, despite 
the lowered concentration of the latter, or 
through promotion of glyconeogenesis. 

The deposition of glycogen in the uterine 
epithelium of the animals in the present study 
runs counter to our earlier experience in the 
intact cyclic rat and in the castrate treated 
with smaller amounts of estrogen. The pres- 
ent dosage of 20 yg of estradiol dipropionate 
is double or more that previously used and ° 
was selected in hope that a larger amount of 
glycogen would be deposited in the uterine 
muscle, thus facilitating microscopic study. 
Since we have re-examined our earlier material 
and have found no more than traces of gly- 
cogen deposited in the uterine epithelium of 
the intact cyclic rats, the present epithelial 
response may be considered to be ‘“non- 
physiologic”’. 

Summary. Relatively short periods of fast- 
ing result in the rapid disappearance of gly- 
cogen from the liver and skeletal muscle of 
hypophysectomized animals. The present ex- 
periments have demonstrated that, in spite of 
the depletion of carbohydrate reserves in the 
starved hypophysectomized castrate rat, estro- 
gen promotes the deposition of glycogen in 
the uterine musculature in amounts compara- 
ble to those deposited in well-nourished ani- 
mals. In this respect this action of estrogen 
on the uterus is analogous to that of certain 
of the hormones of the anterior hypophysis 
and adrenal cortex on the deposition of gly- 
cogen in the liver and skeletal muscle. 
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Effect of Benzimidazole on Experimental Poliomyelitis in Mice and 


Monkeys.* 


(20374) 


Gorpon C. Brown, Donatp E. Craic, AND ALEXANDER KANDEL. 
From the Department of Epidemiology, School of Public Health, University of Michigan, Ann Arbor. 


As components of nucleo proteins, the 
purines and pyrimidines are intimately in- 
volved in biological systems. Their analogues, 
which interfere with the synthesis of nucleic 
acids, are known to affect the metabolic ac- 
tivity of certain bacteria(1-6) and viruses 
(7-10). One of these, benzimidazole, in which 
the pyrimidine ring has been replaced by ben- 
zene, was found to be active in tissue cultures 
against the viruses of vaccinia(11), tobacco 
mosaic(12), and psittacosis(13). More re- 
cently, the author(14) has demonstrated that 
this compound, as well as other inhibitors of 
nucleic acid synthesis, effectively suppresses 
the growth of poliomyelitis virus in tissue cul- 
ture. The present report describes the effect 
of benzimidazole on poliomyelitic infection in 
animals. 

Materials and methods. Swiss Albino mice 
weighing 17 to 20 g were individually weighed 
to insure exactitude in the drug administra- 
tion. Toxicity tests revealed that mice of this 
weight could tolerate without ill effect 250 mg 
of commercial benzimidazolet per kilo of body 
weight when administered subcutaneously for 
’ aslong as 21 days. The type 2 rodent adapted 
viruses (Lansing and MEF-1) used in tests 
with mice had been prepared in large quantities 
and stored as pools at —-70°C in sealed am- 
poules until used. Mice were infected by 
intracerebral injections of 0.03 ml of the ap- 
propriate dilutions of virus and were observed 
daily for at least 21 days for signs of paralysis. 
The virus used in tests with monkeys was a 
pool of Mahoney strain, type 1, poliomyelitis 
virus from infected monkey central nervous 
tissue which was infective either intracere- 
brally, subcutaneously, or intraperitoneally in 
dilutions of at least 10°. The monkeys were 
observed for 21 days, and if not previously 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 

(Presented at Annual Meeting of Am. Assn. of 
Immunologists, Chicago, Apr. 6, 1953.) 
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paralyzed, were posted at that time and sec- 
tions of the nervous system were examined 
for histological evidence of poliomyelitis. 


Experimental tests in mice. Lansing strain. 
Six separate tests were performed in mice with 
the Lansing strain of Type 2 poliomyelitis virus 
which had a PDs titer of 10+ or higher. Four 
dilutions of virus, 107 through 10+, were em- 
ployed in groups of either 20 or 50 mice each 
for both the drug treated and the virus con- 
trol mice. The animals received 250 mg/kg 
benzimidazole either once on the day of virus | 
inoculation (acute administration) or daily for 
the duration of the experiment (chronic). No 
difference in morbidity or mortality was ob- 
served between those mice receiving drug on — 
the acute schedule or those on chronic admin- | 
istration. Consequently, the results of all 
tests are considered irrespective of the 
schedule of drug administration. Table I 
shows the cumulative results of 6 separate 
experiments in mice employing 4 dilutions of 
the Lansing strain of poliomyelitis virus and ° 
250 mg of benzimidazole per kilo of body 
weight. The only dilution of virus which 
killed more control than benzimidazole treated 
mice was 10+. The probability of chance 
occurrence of this difference, however, is P 
= .01, and therefore the 13% decrease in 
mortality seen in the drug treated groups 
represents statistical significance. It will be 
seen that the arithmetic mean of the incuba- 
tion period in mice receiving drug increased 
3 or 4 days with each 10-fold dilution of virus. 
A corresponding but not as marked an increase 
was seen in the control mice. However, the 
incubation period was almost as great in the 
10% controls as in the drug treated mice sug- | 
gesting that the major effect of benzimidazole 
was on the incidence of infection rather than 
in prolonging the incubation period. The 
cumulative mortalities of both control and 
drug treated mice receiving the 10+ dilution 
of Lansing virus in 6 experiments are pre-- 


sented graphically in Fig. 1. 
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TABLE I. Cumulative Results of 6 Experiments in Mice with Subcutaneously Administered 
Benzimidazole, 250 mg/kg and Lansing Strain Poliomyelitis Virus. : 


ry 


Dilutions of viras2—_-_____, 


HO Ox n@~ 10m 
Drug Con. Drug Con. Drug Con. Drug © Con. 
(149)* (165) (229) (169) (225) (169) (232) (172) 
A.M.t 4.6 5.3 7.57 5.93 10.75 9.5 14.5 13.0 
Range 2-15 2-20 2-19 2-20 2-28 2-29: 5-28 2-28 
% mort. 99 98 98 98 86 82 46 59 
Range mort.,% 96-100 95-100 94-100 94-100 70-100 57-100 36-60 45-85 


* Total No. of mice in all tests. 


+ Arithmetic mean of incwbation period in days. 


MEF-1 strain. Since the only dilution of 
the Lansing strain at which benzimidazole ap- 
peared to have an effect in mice was 10+, the 
approximate PDs» of that virus, similar tests 
at or near the end point of virus titer were 
performed using the MEF-1 strain of Type 2 
poliomyelitis virus which usually infected mice 
when diluted as much as 10° and occasionally 
in a 10° dilution. The same concentration of 
benzimidazole (250 mg/kg) was inoculated 
and except for greater numbers of mice per 
dilution the technics were identical to those 
used in the above-described tests. Benzimida- 
zole, however, was not effective in decreasing 
the mortality caused by this strain of polio- 
myelitis virus. In fact, more of the treated 
mice than the controls developed the disease 
with all 3 dilutions of this agent. Since the 
‘intracerebral inoculation of virus represents 
an extremely severe challenge to the efficacy 
of any drug which might influence infection, 
suckling mice between the ages of one and 3 
days were inoculated intraperitoneally with 
0.1 ml of a 10% suspension of the MEF-1 


EFFECT OF 250/747 BENZIMIDAZOLE SUB. CUT. IN 
MICE INOCULATED WITH 10-4 DILUTION OF LANSING 
STRAIN POLIOMYELITIS VIRUS * 
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strain of virus. Some of these were treated sub- 
cutaneously with 250 mg/kg benzimidazole | 
and some with 100 mg/kg. Thirty-three of 
the animals received the virus alone and 16 
developed the disease. Of the mice receiving 
100 mg/kg benzimidazole 23 of 30 became 
paralyzed as did all 6 who received 250 
mg/kg. This indicates that far from prevent- 
ing infection in suckling mice inoculated with 
virus intraperitoneally, the drug apparently 
enhanced their susceptibility to poliomyelitis. 
Tests in monkeys. The effect of benzimida- 
zole on infection in monkeys was investigated. 
Ten rhesus monkeys (Macaca mulatta) were 
inoculated intracerebrally with 0.5 ml of a 
10° dilution of the Mahoney strain of Type 1 
virus. One-half of the animals received 250 
mg of benzimidazole per kilo of body weight 
subcutaneously for 3 days beginning on the 
day of virus inoculation. In another test 20 
cynomolgus monkeys (Macaca iris) were in- 
oculated intraperitoneally with 1.0 ml of a 
10° dilution of the same pool of virus and 
half of these were treated for 3 days with 200 
mg of benzimidazole per kilo. . The results of 
these tests are shown in Table II. All the drug 
treated animals as well as the controls de- 
veloped paralysis regardless of the route of 
inoculation. The only difference between the 
2 groups of monkeys was evidenced by a 
slightly longer and more irregular incubation 
period in the drug treated groups. This slight 
difference, however, was emphasized by the 
regularity with which the virus controls de- 
veloped the paralytic disease, most of them 
within 24 hours of each other. In a third 
test 10 cynomolgus monkeys were treated with 
250 mg of the drug per kilo daily for 5 days 
prior to and for 2 days after the subcutaneous 
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TABLE II. Effect of Benzimidazole on Infection with Mahoney Strain of Poliomyelitis Virus 
in Monkeys. 
Virus: s.c. drug, r————Day of paralysis——_, 
Monkey Route mg/kg Control Benzimidazole 
Rhesus (10) 10 4.¢. 250 Ue igteritel te: he fh MOP AND 
3Xp Avg — 7.6 _ Avg = 8.8 
Cyno. (20) LO@aKp: 200_ Gents tite Uy Ue ssketery By 'sh, 
3Xp Ug (hy ery hl 9, 10; 11,12 
Avg camille Avg ote 
Cyno. (20) 10+ s.¢. 250 9,12, 12,12,14, 8, 9,12, 13,14, 
5Xa 14,16,17,-,— 14,21,—,—,X 
2p Avg = 13.2 Avg — 13.0 


inoculation of 1.0 ml of a 10% dilution of 
Mahoney virus. Seven of these animals de- 
veloped paralysis as compared with 8 of the 
10 controls, and the average incubation 
periods of the 2 groups were almost identical. 
It was apparent that benzimidazole, under the 
conditions tested, had little or no effect upon 
the course of poliomyelitic infection in 
monkeys. 

Discussion. Few compounds which show 
antiviral activity in tissue culture are simi- 
larly effective in animals. This is probably 
due to the inability to exhaust or replace com- 
pletely a given metabolite from the tissues of 
the intact host. Furthermore, the quantity 
necessary to accomplish this state of depriva- 
tion is usually far in excess of the toxic levels 
which are tolerated by the animal. The re- 
sults of experiments with benzimidazole, there- 
fore, are singular in this regard. Although 
the decrease in mortality is moderate and is 
observed only with minimal infective quanti- 
ties of Lansing strain poliomyelitis virus, the 
influence of this compound on the process of 
disease is evident in the rather consistently 
prolonged incubation period even with larger 
quantities of virus. The drug itself is well 
tolerated by the animal without ill effect for 
the duration of these experiments. It is pos- 
sible, therefore, that this represents an ex- 
ample of reducing the availability of a metab- 
olite essential for the growth of virus without 
adversely affecting the host itself. 

It would be far too optimistic to expect to 
find a drug or chemical which would com- 
pletely prevent the occurrence of poliomyelitis 
in experimentally infected animals. However, 


when many compounds are tested without ob- 
serving the slightest effect on either the incu- 
bation period or the mortality, as is the case 
in this laboratory, the results obtained in the 
present study appear highly suggestive that 
the investigation of this general class of com- 
pounds offers a reasonable approach to the 
chemotherapy of this disease. 

Summary. 1. The influence of benzimida- 
zole on experimental poliomyelitis in mice and 
monkeys was investigated. The subcutaneous 
administration of 250 mg/kilo prolonged the 
incubation period of infection with the Lan- 
sing strain of Type 2 poliomyelitis in mice and 
reduced the mortality caused by minimal 
quantities of this virus. 2. Infection of adult 
mice with intracerebrally inoculated MEF-1 
strain of Type 2 virus was not affected by this 
compound which even appeared to enhance 
infection in suckling mice inoculated intra- 
peritoneally with this same strain. 3. In 
monkeys the incubation period of infection 
with the Mahoney strain of Type 1 virus was 
prolonged slightly by limited treatment with 
benzimidazole, but the mortality was not re- 
duced. More intensive treatment was without 
effect. 4. The advisability of further work 
with this and structurally similar compounds 
is discussed. 
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Protection Against Radiation Lethality: Effect of @-Mercaptoethylamine.* 
(20375) 


R. Rucut anp S. C. Wana.} 


From the Radiological Research Laboratory and Department of Physiology, College of Physicians 
and Surgeons, Columbia University. 


The search for some agent which will pro- 
tect man and animals against, or alleviate 
them from, the effects of accidental or over- 
exposure of ionizing radiations has been the 
incentive for many investigations. The most 
promising of the many chemical compounds 
used has been /-cysteine hydrochioride. Patt 
and his coworkers(1) found that if mice were 
injected with cysteine before exposure to x- 
irradiations, their tolerance would be greatly 
increased and many would survive doses which 
would normally prove fatal to 100% of the 
untreated controls. This led others to investi- 
gate the amines, particularly those containing 
the —SH radical because of the suggestion 
that an extra supply of this radical might tem- 
porarily neutralize certain enzymes with re- 
spect to their normally high radiosensitiv- 
ity(2). Recently, Bacq and his coworkers in 
Belgium investigated many such compounds. 
One of these was related to Patt’s cysteine, 
namely cysteinamine or #-mercaptoethyl- 
amine. By injecting this compound into Cs; 
black mice, they raised the minimum 100% 
lethal dose of x-rays from 700 r to 1300 r(3). 
They also found that this compound gave 


* Made available through the courtesy of Prof. 
Z. M. Bacq of Liege, Belgium. 

t Based upon work performed under Contract for 
the Atomic Energy Commission. 

t Supported by a Grant from the National Insti- 
tute of Neurological Disease and Blindness. 


complete protection to mice exposed to 100% 
lethal dose of x-rays. In this paper the term 
“cysteinamine” is used instead of B-mercapto- 
ethylamine in order to emphasize its similarity 
to cysteine which has been so effective in 
radiation protection studies. 

The reasons for the present further inves- 
tigation of cysteinamine as a protective agent 
against ionizing radiations are: (a) Variations 
in sensitivity make it impossible to interpolate 
results with Cs; mice for the mice more com- 
monly used in this country, namely the Swiss 
albino and CF, strains, and (b) Radiation 
studies using male mice exclusively are more 
reliable than those using females, or both 
sexes. 

Materials and method. ‘The Swiss albino 
mice were raised in our laboratories and were 
6 months of age. The CF; were 2 months of 
age when purchased from the Carworth 
Farms. They were brought to a uniform 
weight of approximately 25 g at the time of 
irradiation. Some 659 mice were used in all. 
The cysteinamine was acquired in ampoules, 
labelled 1573 L and produced by the Labaz 
Laboratory in Belgium. Each ampoule con- 
sisted of 10 cc of a 10% solution. This was 
refrigerated until opened, and was used within 
a few minutes after dilution with physiological 
saline. The dilution was such that each cubic 
centimeter contained 3 mg of cysteinamine. 
Several parallel experiments were run with 
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cubic centimeter contained 12.5 mg, and was 
neutralized to pH 7.25 with NaOH. The 
treatment consisted of intraperitoneal injec- 
tions of 1 cc of either cysteinamine or cysteine. 
In most cases the injection was made within 
5 minutes before x-irradiation, but, as noted 
below, in a few experiments single or multiple 
injections were made after irradiation. The 
mice were x-irradiated 5 at a time in a per- 
forated and circular plastic cage measuring 
14 cm in inside diameter and 4 cm in inside 
height. The calibration of the x-irradiation 
was made with the ionization chamber in the 
center of the closed cage. The distance from 
the target to the center of the mouse’s body 
was 30 cm. Constant movement of the mice 
within the cage tended to balance out any very 
small difference that might exist between the 
center and the periphery of the cage. The 
physical constants of x-irradiation were: 
Westinghouse Quadrocondex constant-poten- 
tial x-ray machine run at 2.0 KV, 15 MA, 
filtration 0.25 Cu and 0.50 Al, and a dose 
rate of 274 r/minute in air. The exposure was 
for 2’ 42” for each group of mice. After 
x-irradiation the mice were returned to the 
animal room where they received the usual 
care, with food and water ad libitum. A daily 
record of deaths was taken for the experi- 


Experimental data. The injected dose of 
cysteinamine or cysteine was not varied. 
However, in some experiments the mice were 
injected prior to x-irradiation (pre-cystein- 


amine series) and in some they were injected 


just after x-irradiation (post-cysteinamine 
series). The data are presented in Fig. 1 and 
2, which include all groups of animals, con- 
trol as well as treated, with the survival values 
expressed as percentages. 

Discussion. According to Bacq and Herve 
(3,5), and Bacq, Fischer, and Pirotte(6), 
cysteinamine is very quickly metabolized, 
disappearing from rabbit plasma within 15 
minutes after injection and appearing in the 
urine within half an hour. It was estimated 
that about 1/3 of it is eliminated during the 
first half hour following injection, and mice 
x-irradiated one hour following injection re- 
ceived no protection thereby. This substance 
is relatively non-toxic to mice. The median 
lethal dose for C57 black mice has been deter- 
mined as 0.35 mg/g of body weight and the 
minimum lethal dose for all animals studied 
was 0.5 mg/g of body weight(4). Mice re- 
ceiving the dose of 3 mg I.P., used in these 
experiments, showed no ill effects whatsoever. 

Bacq and his coworkers have found that 
the dose of x-irradiation required to kill all 
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of the control Cs; black mice within 8 days 
was 700 r whole body exposure, but that mice 
receiving prior injection of 3 mg of cystein- 
amine could tolerate as much as 1300 r or as 
well as did the controls at 700 r. Further, 
those receiving the cysteinamine and 700 r 
showed complete survival to the termination 
of the experiment in 24 days. The most 
plausible theory with regard to the mechanism 
of protection relates to the possibility that 
some —SH compounds partially or completely 
inhibit the deleterious action of free radicals, 
normally found in x-irradiated tissue, or they 
may even modify their nature in such a man- 
ner as to render them less harmful (see discus- 
sions of the possible protective mechanism of 
these compounds) (4,7-12). It is also thought 
possible that the effective —SH carrying 
compounds may combine temporarily with 
some radiosensitive enzymes, making them 
radioresistant(4). Cysteinamine is reported 
to be a powerful anti-mitotic agent in concen- 
trations above 107% in tissue cultures(3,5). In 
cats and dogs it is reported to produce no 
change in arterial pressure and respiration 
(3,5). In rabbits it does show anti-inflam- 
matory properties(13). Some physiological 
and cancericidal studies have been made in 
humans(14). 

The experiments reported here indicate that 


cysteinamine is very effective in protection 
against the radiation syndrome when injected 
prior to exposure. Although the percentage 
of survival was not as striking as that reported 
by Bacq and his coworkers, we have observed 
that some 32% of the Swiss albino and some 
67% of the CF; male mice exposed to the 
lethal dose of 700 r survived beyond the ex- 
perimental period of 30 days. In fact, 97% 
of these have survived 45 days. Cysteinamine, 
if given after x-irradiation not only is ineffec- 
tual, but also increases the mortality rate, 7.e., 
the mice thus treated died more quickly as 
compared with the controls. 

Over 100 male CF, survivors of 700 r 
x-rays, pre-treated with cysteinamine, are cur- 
rently being tested for fertility. A goodly 
number have already proven to be fertile in 
spite of the high level of exposure. A com- 
plete blood analysis is being made and histo- 
pathological changes are being investigated. 
The results of these studies, to be reported in 
full at a later date, should cast more light on 
the mechanism of protection by cysteinamine. 
With the increasing use of ionizing radiations, 
both in therapy and diagnosis, the imperative 
aspect of standardizing the protective pro- 
cedures is obvious. 

Summary and conclusions. Some 32% of 
the Swiss albino and 67% of the CF, male 
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mice injected intraperitoneally with #-mer- 
captoethylamine (i.e., cysteinamine) prior to 
a lethal exposure of 700 r whole body x-irra- 
diation survived the 30-day observation per- 
iod. Some 97% of these are still alive 60 days 
after irradiation. The CF; mice, exposed to 
the higher dose of 800 r after injection, showed 
58% survival while the controls, receiving 
only 700 r, all died within 20 days. Thus 
prior injection of this compound definitely 
affords radiation protection to mice. Injection 
after x-irradiation, whether single or multiple, 
had an adverse effect on survival. 
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A Filterable Agent, Recovered from Ak Leukemic Extracts, Causing 


Salivary Gland Carcinomas in C3H Mice.* 


(20376) 


Lupwik Gross. 


From the Cancer Research Unit, Veterans Administration Hospital, Bronx, New York. 


In previous experiments reported from this 
laboratory, Seitz filters were used for the 
filtration of Ak leukemic extracts; the results, 
however, did not appear to be entirely satis- 
factory, since only a comparatively small 
number of C3H mice developed leukemia fol- 
lowing inoculation with such filtered extracts 
(1). The possibility had to be considered 
that much of the leukemic agent might have 
been absorbed, and thus retained, by the 
asbestos pads used in Seitz filters. For that 
reason a series of experiments has been carried 
out in which, instead of Seitz, the Selast micro- 
porous porcelain filter candles have been used 
for filtration of leukemic extracts. Since the 
leukemic extracts became more active follow- 
ing centrifugation at 7000 x g(2), such cen- 
trifugation was carried out, in this study, prior 

* Aided, in part, by a grant from the Damon Run- 


yon Memorial Fund for Cancer Research. 
t Selas Corp. of America, Philadelphia, Pa. 


to filtration of the extracts. Newborn (less 
than 16 hours old) C3H or C3H(f) mice were 
inoculated with such filtered extracts, and 
were then observed for development of leu- 
kemia. The results were surprising. Some of 
the inoculated mice developed typical general- 
ized leukemia. Others, however, developed 
bilateral carcinomas in the cervical region, 
arising probably in the salivary glands. 


Materials and methods. Leukemic extracts. 
Mice of the Ak line that developed leukemia 
either spontaneously, or as a result of trans- 
plantation of Ak leukemic cells, were sacri- 
ficed by ether inhalation; the livers, spleens, 
mesenteric tumors and peripheral lymph 
glands were removed aseptically, and ground 
for 2 to 3 minutes in a porcelain mortar, 
chilled (+4°C) physiological solution of so- 
dium chloride added in sufficient quantity 
to obtain cell suspensions of 20% concentra- 
tion. These leukemic cell suspensions were 
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TABLE I. Results of Inoculations of Filtered (Selas) Ak Leukemie Extracts into Newborn C3H or 
C3H(f) Mice. 

Gn ——eeeeeEeeeeeeeeeeSeSanananapapqpapnaanununuauaunaapaeEeEeEeE—————— 

Heated (68°C 

———F resh} fil. extr ————_,_ & hr) fil. extr. 


(2) S : 

' — La td 

SH emacs $ ; Bis oe anne ee 

ik, OD iS as a 3 eI : Bis S ‘g¥a 

eee PE a Be 4k SESE Ce See 

Se SES, 22 82 25 S3 Siete ep gy Ga 4 ae See oe 

so Bask S35 SS 88 PS HH sf s8e sS5 BPSse sS ces 

Ab OShh BOS BS GE <8 & BE ARS AAS 4ESS AR ASE 

5 5 to 10 03 pos C3H AQ Q uf 2 2 3.6 6 0 

nats 1 0 5 0 

zs) e as 2 C3 i Ce << 79 Q 7 2 0 3.8 3 0 

3 7 1 2 5 1§ 

u) 10 2 vac C3H <eila fe) 10 4 1 4.5 5 0 

Pt as 5 0 9 0 

11 5 to10 ? POSH (Ly spe 1oen ON ea y. 0 2 3.8 7 0 

ec) 0 0 ll 0 

1 10 02 a C3H <16 Q 2 0 1 3 2 0 
Baer 0 0 

aie? x ” - O3H(f) 2 Ou es 0 1 4 1 0 

ean 0 0 3 0 

Total 84 15 9 57 1§ 


* Ak mice which developed ‘‘spontaneous’’ leukemia were used as donors for preparation of leu- 
kemic extracts in 16 experiments. In all other (17) experiments Ak mice with transplanted leukemia 
were used. Leukemic extracts centrifugated in all experiments at 3000 RPM (1400 X g) for 15 min. 
prior to centrifugation at 7000 X g indicated in this column. 

t Positive (10 Ib) pressure (95% N mixed with 5% CO.) used for filtration of leukemic extracts 
through Selas candles in experiments designated in this column ‘‘pos.?’: Experiments designated ‘‘vac,’?: 
vacuum pressure of 20-25 mm of mereury was applied. 

t Filtered leukemic extracts used for inoculation immediately after preparation in 15 experiments. 
Extracts kept in ice water at 0°C prior to use for inoculation for less than 7 br in 4 exp., for less than 
24 hr in 10 exp., and for less than 48 hr in 4 exp. 

§ This mouse developed a neck tumor at 4 mo of age. 


‘centrifuged at O°C in an International PR-1 were used (Table I). In these candles, the 
‘Centrifuge at 3000 RPM (1400 x g) for 15 filter elements are glazed directly to the por- 
minutes. The supernatant was then removed, celain connectors, forming single units, with- 
placed in a chilled (0°C) celluloid tube, and out any metal or rubber connections. The 
centrifugated at 0°C, at 9500 RPM (7000 x filter candles were inserted through a rubber 
g) for periods of time varying from 5 to 10 stopper into standard, 125 cc (or 250 cc) 
minutes (Table I) in the International PR-1 pyrex vacuum flasks, with the filter element 
‘Centrifuge. It required 2 to 3 minutes for the placed downward, inside the flask, and the 
head of the high-speed attachment to reach porcelain connector extending, through the 
7000 x g. After centrifugation at this speed stopper, outside the top of the flask. The 
for the specified time (Table I), the motor was centrifugated leukemic extracts, ready for fil- 
turned off, the pulley disconnected, and the tration, were then introduced, by means of a 
centrifuge head came gradually to a standstill _ sterile syringe, directly inside of the porcelain 
(requiring additional 7 to 10 minutes). Ap- connector extending outside the flask (Fig. 1). 
proximately two-thirds of the upper part of Vacuum pressure of approximately 20 to 25 
the resulting supernatant was then carefully mm mercury was then applied, and the extract 
removed with a syringe, and immediately passed through the filter into the flask. The 
passed through the filter, as described below. extract did not contact with the rubber tubing 
Filtration. Selast microporous filter candles or any other part of the filtration system ex- 
with filter elements 2” long and of a 5/8” cept the filter candle and the pyrex flask. In 
diameter, porosity 03 (FPS-52-03), and in a a few experiments (Table I), positive pressure, 
few instances of porosity 02 (FPS-52-02), instead of vacuum pressure, was applied (mix- 
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FIG. 1. Selas filter candle mounted for vacuum fil- 


tration. The leukemic extract is introduced di- 

rectly, by means of a syringe, into the porcelain 

connector of the filter candle extending outside the 
flask. 


ture of 95% nitrogen, and 5% carbon dioxide, 
under 10 lb pressure, blown into the filter 
candle through a rubber tubing pulled over 
the porcelain connector). Each filter had a 
record number, and was first tested with, and 
found to be impervious to, E. coli. The fresh 
suspension of £. coli culture in tryptose phos- 
phate broth, diluted 1:10 with physiological 
saline solution, was passed through the filter 
candle, and the resulting filtered extract 
proved to be sterile, as evidenced by inocula- 
tion of tryptose phosphate broth media. After 
this preliminary test, the filter candle was 
washed with distilled water, autoclaved (one 
hour at 115°C at 15 lb) and used for the 
filtration of the leukemic extracts. Immedi- 
ately after filtration, the candle was again 
tested with, and found to be impervious to, 
E. coli. The candle was now baked in a Selas 
filter candle furnace, in order to burn out or- 
ganic matter remaining after filtration, then 
washed with distilled water, and autoclaved. 
For the second time the candle was now used 
for filtration of another leukemic extract; im- 
mediately afterwards, the candle was again 


FILTERABLE AGENT CAUSING SALIVARY GLAND CARCINOMAS 


FIG. 2. 

C3H male at 4 mo of age. This mouse had been 

inoculated with Ak leukemic filtered extract (Selas. 

candle porosity 03) within 12 hr after birth. Photo- 

graph taken after tumor had been allowed to grow 
for 1 mo. 


Salivary gland epithelioma developed in a. 


FIG. 3. This C3H(f) female was inoculated (with- 

in 16 hr after birth) with a centrifugated (7000 x 

g) extract prepared from normal Ak embryos, and 

developed bilateral salivary gland carcinomas at 

3 mo of age. Two weeks later, additional tumors 

developed in both axillary pits, and. in the left 
groin. 
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FIG. 4. Photomicrograph of a salivary gland epithelioma, most probably arising in the parotid 
gland. This tumor developed in a C3H female, at 3% mo of age, following inoculation (within 
12 hr after birth) of a filtered (Selas, porosity 03) Ak leukemic extract. (H. & EH. X 475.) 


tested with, and found to be impervious to, 
E. coli. The procedure of baking in an oven, 
washing, and autoclaving, was then repeated, 
and again the candle was used for the filtra- 
tion of a third leukemic extract, followed im- 
mediately by testing with £. coli. After 4 or 5 
of these consecutive filtrations, the candle was 
discarded. 

The filtration procedure was carried out as 
follows: The autoclaved Selas filter candle was 
first briefly washed by passing 10 to 15 cc of 
chilled (0°C) sterile physiological saline solu- 
tion through the candle, under the usual 
vacuum pressure of 20 to 25 mm of mercury. 
The leukemic supernate resulting from the 
7000 x g centrifugation was then passed 
through the filter candle using either positive 
or vacuum pressure. Immediately after filtra- 
tion, the filtered leukemic extract was removed 
from the flask aseptically, placed in a sterile 


pyrex glass tube immersed in ice-water, and 
designated “fresh filtered leukemic extract.” 
Part of the filtered extract was heated in an 
electric waterbath to a temperature of 68°C 
for 30 minutes (Table I), then placed in a 
sterile pyrex glass tube immersed in ice-water, 
and designated “‘heated filtered leukemic ex- 
tract.” The extracts were inoculated in most 
instances immediately or within 24 hours, 
occasionally, however, within 48 hours, after 
their preparation (Table I), having been kept 
in tubes immersed in a container filled with ice 
tubes, and placed in an electric refrigerator. 


Inoculation of mice. Newborn (less than 
16 hours old) mice of our colonies(1,2) of 
either the C3H line or of the foster nursed 
C3H(f) subline, bred in our laboratory by 
brother-to-sister mating, and having an inci- 
dence of spontaneous leukemia far below 
0.5%, were then inoculated with the extracts. 
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Each newborn litter was divided, one part in- 
oculated with the fresh, and the other part 
with heated filtered extract. Inoculations were 
subcutaneous (0.1 cc each). The skin punc- 
tures were dried off gently with a sterile 
sponge, and then sealed off with a drop of 
collodion. For the purpose of identification, 
the mice of each litter injected with either the 
fresh or the heated supernate had their tails 
tied off at half length and cut immediately 
after inoculation. The mice were weaned at 
21 days of age; they were then identified by 
individual numbers, and separated by sex. 


Results. The results were surprising: while 
only 9 of the 84 mice that had been inoculated 
with the fresh filtered extracts developed gen- 
eralized leukemia, 15 other mice developed, at 
an average age of 3.3 months, bilateral tumors 
in the cervical region (Fig. 2). These tumors 
slowly enlarged, and eventually formed enor- 
mous confluent masses around their necks. On 
dissection (Fig. 3) these tumors presented 
grape-like clusters of individual small tumors, 
or, in. more advanced cases, solid masses of 
hard (difficult to cut and grind) white tumor 
tissue, infiltrating the cervical region, on both 
sides of the neck. Microscopic examination 
of the tumors (Fig. 4) revealed undifferen- 
tiated tumor cells with large, vesicular nuclei, 
and numerous atypical mitotic figures, fre- 
quently growing either in bands of cells, or 
forming glandular pattern; occasionally, how- 
ever, no pattern was discernible, the tumor 
cells growing chaotically (Fig. 5). In spite 
of their individual differences, these tumors, 
apparently arising in the salivary glands, could 
be classified as carcinomas.+ Additional tu- 


¢t Dr. Maurice N. Richter, Department of Path- 
ology, New York University-Bellevue Medical Center, 
kindly reviewed the tumor slides, and commented as 
follows: The sections of neck tumors suggest that 
the tumor is in the salivary glands, often forming 
cell accumulations around small glands or ducts, 
and eventually displacing most of the glandular 
tissue. In the less involved areas, small groups of 
tumor cells suggest the possibility of multiple foci 
of origin. The cells are rounded or elongated. I am 
inclined to ‘believe that all of the cells are epithelial. 
It is possible that these tumors arise from myoepi- 
thelial cells of the salivary glands, as suggested by 
Lippincott and associates(6). However, I have been 
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mors could sometimes be found in the axillary 
pits, and occasionally also in the inguinal re- 
gion (Fig. 3). Animals with these tumors 
showed no other signs of disease: microscopic 
sections of liver showed no changes; the 
peripheral blood picture as well as the bone 
marrow were normal. The cervical tumors 
reported in this study were essentially similar 
to those recently observed in C3H mice fol- 
lowing inoculation of centrifugated (144000 
x g) Ak leukemic extracts(3). The neck 
tumors could be transplanted, by cell inocula- 
tion, into mice of the C3H, but not those of 
the Ak, line(3,4). They were found to grow 
in some of the inoculated C3H mice, after an 
incubation period of 4 to 8 weeks, at the site 
of implantation (subcutaneous or intraperi- 
toneal), infiltrating the surrounding tissues 
and eventually forming enormous tumors. 


That the neck tumor agent could be inac- 
tivated by heating to 68°C for 30 minutes, 
was evident from a series of experiments 
(Table I), in which 54 control litter-mates 
were inoculated with the heated. leukemic. ex- 


unable to see longitudinal fibrils, and consider the 
origin uncertain at the present time. 

Dr. Jacob Furth, Biology Division, Oak Ridge 
National Laboratory, dissected in our laboratory two 
C3H mice that had developed bilateral neck tumors 
as a result of inoculation with Ak leukemic filtered 
(Selas) extracts. Dr. Furth also reviewed the micro- 
scopic slides of these tumors. His comments follow: 
“The ‘neck’ tumors in the two animals which I have 
dissected involve the parotid gland and extend in 
the region of the submaxillary glands, but the latter 
were free from tumor. Likewise the lymph nodes 


of these animals examined showed neither leukemic. 


involvement nor metastatic tumor. The site of the 
primary tumors is the parotid gland. The sections 
which you have shown me indicate multicentric 
origin of the tumors in the parotid glands. The 
appearance of the tumors in sections, some resemb- 
ling carcinomas, others sarcomas support the belief 
that they originate in a salivary gland. Further dis- 
sections are indicated to find out if salivary glands 
other than the parotid can give rise to primary 
tumors. Whether the subcutaneous tumors in the 
axilla and groins are primary or secondary remains 
to be determined; if primary, the possibility exists 
that your agent can also cause cancer in the mam- 
mary gland. I recommend designating the ‘neck’ 
tumor as ‘salivary gland tumor’.” 
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FIG. 5. Photomicrograph of a salivary gland tumor showing a sarcomatous appearance. Else- 

where same tumor had structure of anaplastic adenocarcinoma, particularly on opposite side of 

neck in same mouse. This tumor developed bilaterally on the neck of a C3H female, at 3 mo of 

age, following inoculation (within 16 hr after birth) of a filtered (Selas, porosity 03) Ak 
leukemic extract. 


tracts: only one of them developed a salivary 
gland tumor. 

The presence of the tumor agent in normal 
Ak embryos. 
the salivary gland tumor agent is present in 
normal Ak embryos, 2 young (3-month-old) 
healthy pregnant Ak females were sacrificed, 
their embryos removed aseptically, separated 
from placenta, and ground with physiological 
saline solution. The resulting embryo cell 
suspension was centrifugated at 3000 RPM 
(1400 x g) for 15 minutes; the supernate was 
again centrifugated at 9500 RPM (7000 x g) 
for 5 minutes. The final supernate was re- 
moved carefully with a syringe, and immedi- 
ately inoculated into 4 newborn (less than 16 
hours old) litters of C3H(f) mice. The litters 
were divided as follows: 12 infant mice were 
inoculated with the Ak embryo centrifugated 
extract, and 11 control litter-mates were in- 


In order to determine whether | 


oculated with a similar extract prepared simul- 
taneously under identical experimental condi- 
tions from C3H embryos. As a result, 4 of 
the 12 C3H(f) mice that had been inoculated 
with the Ak embryo extracts developed typi- 
cal, bilateral neck carcinomas at 3 months of 
age; the 11 control litter-mates that had been 
inoculated with C3H embryo extracts re- 
mained in good health. In previous experi- 
ments(5), the inoculation of Ak embryos re- 
sulted in the development of a generalized 
leukemia in the injected C3H(f) mice, and 
not that of neck tumors; however, in previous 
studies, Ak embryo cell suspensions, and not 
centrifugated extracts, had been used for in- 
oculation(5). 

Discussion. It is apparent from experi- 
ments reported in this and previous(1-3) 
studies, that the inoculation of centrifugated, 
or filtered Ak leukemic extracts into newborn 
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(less than 16 hours old) C3H or C3H(f) 
mice may result in the development of either 
a generalized leukemia, or bilateral cervical 
epitheliomas, possibly arising in the salivary 
glands. One may determine, by selecting 
proper experimental conditions, which of the 
two neoplastic conditions, i.e. leukemia or 
cervical epitheliomas will develop in the inoc- 
ulated animals. When Ak leukemic extracts 
centrifugated at 3000 RPM (1400 x g), or 
9500 RPM (7000 x g), were inoculated into 
newborn C3H or C3H(f) mice, leukemia 
resulted and not salivary gland tumors(1,2). 
When Ak leukemic extracts were filtered 
through Berkefeld (N) candles, then inocu- 
lated into newborn C3H mice, leukemias de- 
veloped with only very few mice developing 
cervical epitheliomas(3). On the other hand, 
when the Ak leukemic extracts were centri- 
fugated at 144000 x g and the resulting super- 
natant was used for inoculation of newborn 
C3H mice, cervical epitheliomas developed 
much more frequently than generalized leu- 
kemia(3). In experiments reported in this 
study the Ak leukemic extracts were filtered 
through Selas micro-porcelain filter candles, 
and the extracts were inoculated; as a result, 
15 out of 84 inoculated animals developed 
cervical epitheliomas, and only 9 generalized 
leukemia. ‘Curiously, only extracts that had 
been filtered through candles having a very 
fine porosity of 03, produced neck carcinomas 
(but occasionally also leukemia); of 9 mice 
inoculated with extracts filtered through 02 
porosity candles, 2 developed leukemia, but 
none salivary gland tumors (Table I). The 
number of mice in this series is too small to 
draw any definite conclusions, and additional 
experiments have since been instituted(4) to 
determine whether the finer porosity filter 
candles (03) must be used for the preparation 
of extracts capable of producing salivary gland 
epitheliomas. 

Leukemic extracts could be inactivated by 
heating in a waterbath to 68°C for 30 minutes. 
Of 54 control litter mates inoculated with 
such heated extracts, one developed a salivary 
gland tumor (Table I). There is a possibility, 
that in this experiment the tube containing 
the extract had not been completely immersed 
in the waterbath, and that part of the extract 
adhering to the top of the test tube, might 
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not have been properly heated and remained 
active (this technical error has been corrected 
in subsequent experiments). On the other 
hand, it is also possible that the neck tumor 
agent may require heating to a temperature 
slightly higher than 68°C for 30 minutes for 
complete neutralization. 

While the number of leukemias develop- 
ing among the mice that had been inoculated 
with fresh filtered extracts is small (9 out 
of 84), it must be stated that only 7 months 
have elapsed since these experiments were 
initiated; some of the injected mice are only 
5 months old at the time of this writing, and 
may develop leukemia later; moreover, 15 
mice developed salivary gland tumors at 3.3 
months of age, that is, before they had a 
chance to develop leukemia. 

On rare occasions, salivary gland tumors 
have been recorded in albino mice of strains 
C and A(6). However we have not seen 
salivary gland tumors develop ‘“‘spontaneously” 
in untreated mice of either the C3H line or 
of the C3H(f) subline. We have never seen 
salivary gland epitheliomas in mice of our 
colony of Ak mice, which were donors of the 
leukemic extracts. Moreover, among the C3H 
or 'C3H(f{) mice that had been inoculated 
with filtered, or with centrifugated Ak leu- 
kemic extracts(1-3), some developed either 
leukemia, or cervical carcinomas(3), but never 
both. 

The following working hypothesis may 
explain the experimental results thus far ob- 
tained: Mice of the Ak line may carry at 
least 2 different oncogenic agents, both present 
in leukemic Ak extracts. One of these agents 
would cause leukemia (“Ak leukemic agent”) ; 
the other salivary gland epitheliomas (“Ak 
tumor agent”). Since these epitheliomas do 
not spontaneously develop in mice of the Ak 
line, whereas spontaneous leukemia is very 
common in these animals, it would follow that 
in mice of the Ak line the leukemic agent 
interferes with the tumor agent, or, that 
the Ak mice are not susceptible to the 
pathogenic action of the Ak tumor agent, 
even though they carry, and transmit it from 
one generation to another, along with the Ak 
leukemic agent(4,5). Experiments reported 
in this, and the preceding(3) article could be 
explained by the assumption that 2 such dif- 
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ferent agents are harbored by mice of the Ak 
line, and can be extracted from organs of leu- 
kemic Ak mice. These agents could be sep- 
arated either by (a) ultracentrifugation 
(144000 x g), the carcinoma agent remaining 
mainly in the supernate(3), or (b) by filtering 
the extracts through fine porosity filters, such 
as Selas 03. Heating to 63°C or 64°C for 30 
minutes may also neutralize the leukemic 
agent, but not the agent causing salivary 
gland epitheliomas(4). A higher temperature 
(at least 68°C for 30 minutes) may be re- 
quired for complete inactivation. 

Should leukemia be caused by a transmis- 
sible agent not only in chickens and mice, but 
also in humans, the possibility would have to 
be considered that in humans also the leukemic 
agent may be accompanied by another on- 
cogenic agent transmitted, along with the leu- 
kemic agent, from one generation to another. 
An interference phenomenon could be respon- 
sible for the apparent latency of either, or 
both, in most of the carrier hosts. Occasion- 
ally, however, a segregation of such agents 
may occur, resulting in the development of 
leukemia in some, and carcinomas in others. 
This hypothesis may offer an explanation of 
clinical observations suggesting that in fami- 
lies of patients suffering from leukemia, cancer 
is more common than in the average popula- 
tion(7,8). 

Summary. 1. Extracts prepared from livers, 
spleens, and lymphatic tumors of leukemic Ak 
mice, were centrifugated at 1400 x g (15 
minutes), then 7000 x g (5 to 10 minutes), 
and finally passed through Selas porcelain 
filters. The filtered extracts were then inocu- 
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lated into newborn (less than 16 hours old) 
C3H or C3H(f) suckling mice. 2. Of the 84 
mice inoculated with fresh, filtered extracts, 
9 died from leukemia, and 15 others developed 
bilateral epitheliomas possibly arising in the 
salivary glands.t Of the 54 control litter- 
mates inoculated with heated (68°C for 30 
minutes) extracts, only one developed a cer- 
vical tumor. 3. Extracts prepared from Ak 
leukemic cells may therefore contain 2 differ- 
ent agents, pathogenic for newborn C3H or 
C3H(f) mice: one, causing leukemia, and an- 
other salivary gland epitheliomas. These 
agents may differ in size. 4. It is assumed — 
that the leukemic agent may interfere with 
the tumor agent preventing it from exerting 
its pathogenic properties on the cells of its 
usual Ak, carrier host, or that mice of the Ak 
line may be naturally resistant to the tumor 
agent. 5. Salivary gland tumors have not been 
observed in untreated mice of either the Ak, 
the C3H, or C3H(f) inbred lines. 
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